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Gene Family with Transformation Modulating Activity 



The work leading to this invention was supported in pan by Grant No. ROl CA 
5 54404 from the National Institutes of Health. The U.S. Government retains certain rights 
in this invention. 
BACKGROUND 
File of the Invention 

This invention is directed to various members of a gene family with transformation 
1 0 modulating activity, and to diagnostic and gene therapy techniques based on the variants. 
Review of Related Art 

Prostatic adenocarcinoma is the most frequent malignancy in adult men with 
approximately 317,000 new cases diagnosed each year (Parker, et al., CA, 46:8-27, 1996). 
In spite of the capabilities for early diagnosis and treatment (Potosky, et aL, JAMA, 
15 273:548-552, 1995), it represents the second leading cause of cancer death in men 

following lung cancer. 

To date, the study of alterations in specific genes has not been particularly 
rewarding in primary prostate cancer. Most alterations in the widely studied oncogenes 
and tumor suppressor genes occur in only 20 - 30% of primary prostate carcinomas, except 

20 for the myc gene, where overexpression has been observed in as many as 50 - 60% of such 
cases (Fleming, et al., Cancer Res., 46: 1535-1 538, 1 986). Up to 40% of primary prostate 
cancers studied by comparative genomic hybridization display chromosomal aberrations 
(Visakorpi, et al., Cancer Res., 55:342-347, 1995), although ^^alterations occur more 
frequently as tumors recur and become refractory to hormonal therapy. Characterization 

25 of candidate proto-oncogenes or tumor suppressor genes at such altered loci may 
eventually shed light on tumor progression in the prostate. 

pp32 (GenBank HSU73477) is a highly conserved nuclear phosphoprotein. 
Increased expression of pp32 or closely related species is a frequent feature of clinical 
cancers. For example, in human prostate cancer, high-level expression of RNA 

30 hybridizing with pp32 probes occurs in nearly 90% of clinically significant prostate 
cancers, in contrast to the substantially lower frequencies of alterations of other oncogenes 



and tumor suppressors (See U.S. Patent No. 5,726,01 8, incorporated herein by reference). 
Molecular Features and Activities of pp32 . 

pp32 is a nuclear phosphoprotein that is differentiation-regulated during 
differentiation of adult prostatic epithelium (Walensky, et aL, Cancer Res. 53:4720-4726, 
5 1993). The human pp32 cDNA sequence (Gen-Bank U73477) is 1052 bp in length and 
encodes a protein of 249 amino acids. The protein is composed of two domains: an amino 
terminal amphipathic a-heiical region containing a leucine zipper; and a highly acidic 
carboxyl terminal region. The murine and human forms of pp32 are highly conserved with 
over 90% nucleic acid homology and over 95% protein-level homology. 

10 Human pp32 has been isolated independently by a number of groups. Vaesen et 

aL ("Purification and characterization of two putative HLA class II associated proteins: 
PHAPI and PHAPIL" Biol Chem. Hoppe-Seyler.. 375:113-126, 1994) cloned an 
essentially equivalent molecule, termed PHAPI, from an EBV-transformed human B- 
lymphoblastoid cell line; PHAPII, cloned by the same strategy, is unrelated to pp32. This 

15 study identified PHAPI through its association in solution with human HLA class II 
protein, noting membrane and cytoplasmic localization as well as nuclear; the gene has 
putatively been localized to chromosome 15q22.3-q23 by fluorescent in situ hybridization 
(Fink, et aL, "Localization of the gene encoding the putative human HLA class II- 
associated protein (PHAPI) to chromosome 15q22.3-q23 by fluorescence in situ 

20 hybridization." Genomics, 29:309-310, 1995). More recently, a group studying inhibitors 
of protein phosphatases identified pp32 as IIPP2a, an inhibitor of protein phosphatase 2a 
(Li, et aL, "Molecular Identification of II PP2A, a novel poteritEeat-stable inhibitor protein 
of protein phosphatase 2A." Biochemistry 35:6998-7002, 1996); another phosphatase 
inhibitor, I2PP2a, is unrelated to pp32. Interestingly, another recent report (Ulitzur, et aL, 

25 "Biochemical characterization of mapmodulin. a protein that binds microtubule-associatcd 
proteins.' 'Journal of Biological Chemistry 272:30577-30582, 1997) identified pp32 as a 
cytoskeletally-associated cytosolic protein in CHO cells. It is not clear whether this 
finding stems from a difference in system, or whether pp32 can localize to the cytoplasm 
under certain circumstances. pp32 has also been identified as LANP, a leucine rich nuclear 

30 protein in the central nervous system (Matsuoka, et aL, **A nuclear factor containing the 



Jeucinc-rich repeats expressed in murine cerebellar neurons. Proc Natl Acad Sci USA 
91:9670-9674, 1994). 

There are also a number of reports of gene products bearing lesser degrees of 
homology to pp32. The Vaescn group has identified a series of unpublished sequences, 
5 termed PHAP12a (EMBL Locus HSPHAP12A) and PHAPIZb (EMBL Locus 
HSPHAPI2B), also cloned from an EBV-transformed human B-Iymphoblastoid cell line. 
These variant pp32 sequences are distinct from the sequences reported herein, representing 
the April protein instead. April, cloned from human pancreas, is shorter than PHAPI2a by 
two N-terminal amino acids (Mencinger. et al., "Expression analysis and chromosomal 

10 mapping of a novel human gene, APRIL, encoding an acidic protein rich in leucines." 
Biochimica et Biophysica Ada. 1395:176-180. 1998. see EMBL Locus HSAPRIL); 
PHAP12b is identical to a subset of APRIL. Silver-stainable protein SSP29 (unpublished 
GenBank Locus HSU70439) was cloned from HeLa cells and is identical to PHAPI2a. 

The nuclear phosphoprotein pp32 has been linked to proliferation. Malek and 

1 5 associates reported that various neoplastic cell lines showed markedly elevated expression 
levels and that bacterial polysaccharide induced expression of pp32 epitopes by B 
lymphocytes upon polyclonal expansion (Malek, et al, J. Biol. Cheiru 265:13400-13409. 
1990), Walensky and associates reported that levels of pp32 expression, measured by in 
situ hybridization, increased in direct relation to increasing Gleason grade of human 

20 prostatic cancers. 

pp32 cDN A probes hybridize strongly with prostatic adenocarcinoma, whereas the 
hybridization signal in normal prostate is confined to basal" cells. Polyclonal, anti-pp32 
antibodies react strongly with sections of human prostatic adenocarcinoma. The antibodies 
and riboprobes used by the investigators in previous studies are consistent with cross- 

25 reactivities of the reagents with all reported members of the pp32 nuclear phosphoprotein 
family, therefore, while previous descriptions focused upon pp32. it cannot be excluded 
that homologous proteins were detected. 
SUMMARY OF THE INVENTION 

In one aspect, this invention provides a DNA molecule containing at least a portion 

30 of the sequence consisting of base pairs 4894-4942 of the sequence shown in Figure 2 or 



its complement. Alternatively, the DNA molecule may contain at least a portion consisting 
of base pairs 4879-4927, or base pairs 4858-4927. Alternatively, this invention provides 
a DNA molecule that contains at least a portion of a nucleotide sequence encoding amino 
acid residues 146-163 of tumor-derived pp32rl sequence; preferably the DNA encodes all 
5 of that segment. In one mode, the DNA molecule is an expression vector which expresses 
said amino acid sequence, and the invention also includes a recombinant ceil containing 
the expression vector. In another mode, the DNA molecule has the particular sequence 
operatively linked to a promoter in antisense orientation. In another alternative, this 
invention provides a DNA probe which specifically hybridizes on Northern blot with 

10 nucleic acid encoding the amino acids from residue 146-163 of the tumor-derived pp32rl 
sequence, a preferred probe would have a sequence of at least 8 contiguous nucleotides 
"unique" to the nucleotide sequence of the pp32rl variant as described herein. In yet 
another alternative, the invention provides a pair of nucleic acid primers each of which 
comprises at least 10 contiguous nucleotides, at least one of the primers binding 

15 specifically to the pp32rl sequence, where if the primers are used in nucleic acid 
amplification of a suitable source of human nucleic acid, the amplification will produce an 
amplified nucleic acid encoding at least residues 146-163 of the pp32rl sequence. 

In still another aspect, this invention provides antibodies that specifically bind the 
tumor derived pp32. but do not bind to normal pp32. Preferably, these antibodies are 

20 monoclonal antibodies. The invention also provides polypeptides containing epitopes that 
bind these antibodies. 

In yet another aspect, this invention provides diagnostic methods for predicting 
malignant potential of neuroendocrine, neural, mesenchymal, lymphoid, epithelial or germ 
cell derived tumors by determining, in a sample of human neuroendocrine, neural, 

25 mesenchymal, lymphoid, epithelial or germ cell derived tissue, the level of. or the 
intracellular sites of expression of* a gene product expressed from a gene sequence which 
encodes, inter alia^ residues 146-163 of tumor derived pp32rL Where the gene product 
is mRNA, the mRNA is extracted from the sample and quantitated. optionally by PCR. or 
the level of mRNA may be determined by in situ hybridization to a section of the tissue 

30 sample. Where the gene product is protein, the determination may include reacting the 
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sample with an antibody that specifically binds to tumor derived pp32. but not to normal 
pp32. Preferably, the tissue sample is carcinoma tissue, e.g.. carcinoma or sarcoma of a 
tissue selected from the group consisting of epithelial, lymphoid, hematopoietic, 
mesenchymal, central nervous system and peripheral nervous system tissues, including 
5 colon carcinoma, prostate carcinoma and non-Hodgkin's lymphoma. 

In still another aspect, this invention provides an androgen-activatcd transcriptional 
promoter which may be inserted into recombinant DN A molecules. The minimal promoter 
is made up of a transcription initiation site and at least one binding site for a steroid 
hormone receptor protein. Typically the consensus sequence for the steroid hormone 

10 receptor protein binding site is positioned within 5000 nucleotide base pairs (bp), more 
preferably within 3000 bp. or even fewer bp of the transcription initiation site; In a 
preferred mode, a number of binding sites for steroid hormone receptor proteins are 
positioned within that distance of the transcription initiation site, the promoter may contain 
five, ten or even 25 steroid hormone receptor protein binding sites. Preferably, the binding 

15 site(s) for steroid hormone receptor protein binding are selected from the consensus 
sequences listed on Table 1. In a preferred mode of the invention, the androgen-activated 
transcriptional promoter is operatively linked to an open reading frame comprising at least 
one exon of a protein coding sequence, operative linking of the open reading frame thereby 
providing an expression vector in which expression of the open reading frame is regulated 

20 by steroids. 

In another aspect, this invention provides a methodJTqr screening candidate 
compounds for pharmacological activity by (1 ) culturing a cell transfected with the DNA 
molecule containing the androgen-activated transcriptional promoter which is operatively 
linked to an open reading frame comprising at least one exon of a protein coding sequence, 
25 and (2) determining expression of the open reading frame in the presence and absence of 
the compound. In a preferred mode the androgen-activated promoter may be all or an 
operative portion of the sequence in Figure 2 which is up-stream of the translation 
initiation site, or alternatively the androgen-activated promoter may be the 2700 bp of the 
sequence in Figure 2 which is upstream from the translation initiation site. 



pp32 is a member of a highly conserved family of differentiation-regulated nuclear 
proteins that is highly expressed in nearly all human prostatic adenocarcinomas of Gleason 
Grade > 5. This contrasts with the low percentage of prostate tumors that express 
molecular alterations in proto-oncogenes or demonstrate tumor suppressor mutation or loss 
5 of heterozygosity. By analysis of specimens of human prostatic adenocarcinoma and 
paired adjacent normal prostate from three individual patients, the inventors have shown 
that normal prostate continues to express normal pp32. whereas three of three sets of RT- 
PCR-amplified transcripts from prostatic adenocarcinomas display multiple cancer- 
associated coding sequence changes. The cancer-associated sequence changes appear to 
10 be functionally significant. Normal pp32 exerts antineoplastic effects through suppression 
of transformation. In contrast, cancer-associated pp32 variants augment, rather than 
inhibit, transformation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A shows detection of pp32-related rnRNA in benign prostate and prostate 
1 5 cancer tissue sections by in situ hybridization. 

Figure IB shows immunohistochemical stain of prostate cancer sections with anti- 
pp32 antibodies. 

Figure 2 shows the genomic sequence of variant pp32rl isolated from human 
placenta. 

20 Figure 3 provides a base-by-base comparison of the sequence of pp32rl ( top) with 

normal human pp32 (bottom). The numbering system for pp32rl corresponds to Figure 
1, and the numbering system for normal pp32 is taken from Cfien, et ah Nucleotide base 
differences are underlined in the pp32rl sequence. Sequences within the normal pp32 
sequence missing in pp32rl are represented by dashes. The open reading frame for pp32rl 

25 is indicated by overlining. 

Figure 4 shows the alignment of the pp32rl amino acid sequence (top) with normal 
human pp32 (bottom). Residue changes are underlined in the pp32rl sequence. Amino 
acids missing in the pp32rl sequence compared to normal pp32 are represented by dashes. 
Figure 5 shows the genomic sequence of variant pp32r2. 
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Figure 6A shows RT-PCR amplification of pp32 and pp32 variants from human 
prostate cancer and prostate cancer cell line. 

Figure 6B shows cleavase fragment length polymorphism analysis of pp32 detects 
variant pp32 transcripts in human prostate cancer. 
5 Figure 7 shows the alignment of nucleic acid (A) and amino acid (B) sequences 

from human prostatic adenocarcinoma and prostatic adenocarcinoma cell lines with pp32. 

Figure 8 is a bar graph showing ras + myc induced transformed focus formation. 
Co-transfection with a pp32 expression vector reduces transformation, while co- 
transfection with a pp32rl expression vector stimulates transformation. - - 
10 Figure 9 is a bar graph showing pp32rl stimulation of ras + myc induced 

transformed focus formation. Co-transfection with a pp32 expression vector reduces 
transformation, while co-transfection with expression vectors for pp32rl sequences from 
prostate cancer cell lines stimulate transformation. 

Figure 10 is a graph of transformation assay results for cells transfected with 
1 5 variant pp32 species, which are shown to stimulate transformation with variable potency. 
DETAILED DESCRIPTION OF THE INVENTION 

The inventors have discovered that phenotypic changes in pp32 are a common 
feature of human prostate cancer. Previous data show that 87% of prostate cancers of 
Gleason Score 5 and above express pp32 or closely-related transcripts (U.S. Patent No. 
20 5,734,022, incorporated herein by reference). This is striking in comparison to the 
frequency of molecular alterations in other widely studied oncogenes and tumor suppressor 
genes in primary prostatic adenocarcinoma, which occur 4n a substantially smaller 
proportion of cases. For example, myc overexpression (Fleming, et al.) occurs in around 
60% of cases, and p53 is abnormal in only around 25% of primary tumors (Isaacs, et al., 
25 in ^Genetic Alterations in Prostate Cancer." Cold Spring Har bor Symposia on Quantitative 
Biology . 59:653-659, 1994). 

Several lines of evidence suggest that pp32 may act as a tumor suppressor. 
Functionally, pp32 inhibits transformation in vitro by oncogene pairs such as ras with myc, 
mutant p53, Ela, or jun, or human papilloma virus E6 and E7 (Chen, et al., "Structure of 
30 pp32, an acidic nuclear protein which inhibits oncogene-induced formation of transformed 
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foci." Molecular Biology of the Cell 7:2045-2056, 1996). pp32 also inhibits growth of 
transformed cells in soft agar (Chen, et aL). In another system, ras-transfected NIH3T3 
cells previously transfected to overexpress normal human pp32 do not form foci in vitro 
on preliminarily, do not form tumors in nude mice, unlike control cells. In contrast, 
5 knockout of endogenous pp32 in the same system by an antisense pp32 expression 
construct markedly augments tumorigenesis (Example 1 2 below). 

In clinical prostate cancer, the situation at first appears counterintuitive. Most 
human prostate cancers seem to express high levels of pp32 by in situ hybridization (see 
Example 1 below) and stain intensely with anti-pp32 antibodies. Because pp32 inhibits 

1 0 oncogene-mediatcd transformation (Chen, et al.), its paradoxical expression in cancer.was 
investiaated at the sequence level. The paradoxical question of why prostate cancers seem 
to express high-levels of an anti-oncogenic protein was addressed by comparing the 
sequence and function of pp32 species from paired normal prostate and adjacent prostatic 
carcinoma from three patients as well as from four prostate cancer cell lines. It is 

15 demonstrated herein that pp32 is a member of a closely-related gene family, and that 
alternate expression of these closely-related genes located on different chromosomes 
modulates oncogenic potential in human prostate cancer. The variant pp32 species 
expressed in prostate cancer are closely related to pp32. 

The present data indicate that prostate cancers express variant pp32 transcripts, 

20 whereas adjacent normal prostate expresses normal pp32. Two instances clearly show that 
expression of alternate genes on different chromosomes can lead to the phenotypic switch, 
rather than mutation or alternate splicing. This switch* -in molecular phenotype is 
accompanied by a switch in functional pp32 phenotype. Normal pp32 is anti-oncogenic 
in character, in contrast to the pro-oncogemc variant transcripts that foster oncogene- 

25 mediated transformation. The high frequency of this abnormality suggests that expression 
of variant pp32 species may play an etiologic role in the development of human prostate 
cancer. In addition, these findings have significant diagnostic and prognostic 
implications. 
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Definitions 

In describing the present invention, the following terminology is used in 
accordance with the definitions set out below. 
Nucleic Acids 

5 In discussing the structure of particular double-stranded DNA molecules, sequences 

may be described herein according to the normal convention of giving only the sequence 
in the 5* to 3' direction along the nontranscribed stand of DNA (i.c.^ the strand having a 
sequence homologous to the mRNA). 

A DNA sequence "corresponds" to an amino acid sequence if translation of the 

1 0 DNA sequence in accordance with the genetic code yields the amino acid sequence (i.e., 
the DNA sequence "encodes" the amino acid sequence); one DNA sequence "corresponds" 
to another DNA sequence if the two sequences encode the same amino acid sequence. 

Two DNA sequences are "substantially similar' when at least about 90% 
(preferably at least about 94%. and most preferably at least about 96%) of the nucleotides 

15 match over the defined length of the DNA sequences, Sequences that are substantially 
similar can be identified by the assay procedures described below or by isolating and 
sequencing the DNA molecules. See e.g., Maniatis et aL infra, DNA Cloning, vols. 1 and 
II infra: Nucleic Acid Hybridization, infra. 

A "heterologous'* region or domain of a DNA construct is an identifiable segment 

20 of DNA within a larger DNA molecule that is not found in association with the larger 
molecule in nature. Thus, when the heterologous region encodes a mammalian gene, the 
gene will usually be flanked by DNA that does not flank the rnammaiian- genomic DNA 
in the genome of the source organism. Another example of a heterologous region is a 
construct where the coding sequence itself is not found in nature (e.g., a cDNA where the 

25 genomic coding sequence contains imrons. or synthetic sequences having codons different 
than the native gene). Allelic variations or naturally-occurring mutational events do not 
give rise to a heterologous region of DNA as defined herein. 

A "coding sequence" or '"open reading frame" is an in-frame sequence of codons 
that (in view of the genetic code) correspond to or encode a protein or peptide sequence. 

30 Two coding sequences correspond to each other if the sequences or their complementary 
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sequences encode the same amino acid sequences. A coding sequence in association with 
appropriate regulatory sequences may be transcribed and translated into a polypeptide in 
vivo, A polyadenylation signal and transcription termination sequence will usually be 
located 3' to the coding sequence. A "promoter sequence" is a DNA regulatory region 
5 capable of binding RNA polymerase in a cell and initiating transcription of a downstream 
(3 f direction) coding sequence. Promoter sequences typically contain additional sites for 
binding of regulatory molecules (e.g., transcription factors) which affect the transcription 
of the coding sequence. A coding sequence is "under the control" of the promoter 
sequence or "operatively linked" to the promoter when RNA polymerase binds the 

1 0 promoter sequence in a cell and transcribes the coding sequence into mRN A. which is then 
in turn translated into the protein encoded by the coding sequence. 

Vectors are used to introduce a foreign substance, such as DNA, RNA or protein, 
into an organism. Typical vectors include recombinant viruses (for DNA) and liposomes 
(for protein), A "DNA vector" is a replicon, such as plasmid, phage or cosmid. to which 

1 5 another DNA segment may be attached so as to bring about the replication of the attached 
segment. An "expression vector" is a DNA vector which contains regulatory sequences 
which will direct protein synthesis by an appropriate host cell. This usually means a 
promoter to bind RNA polymerase and initiate transcription of mRNA. as well as ribosome 
binding sites and initiation signals to direct translation of the mRNA into a polypeptide. 

20 Incorporation of a DNA sequence into an expression vector at the proper site and in correct 
reading frame, followed by transformation of an appropriate host cell by the vector, 
enables the production of a protein encoded by said DNA sequence. 

An expression vector may alternatively contain an antisense sequence, where a 
small DNA fragment, corresponding to all or part of an mRNA sequence, is inserted in 

25 opposite orientation into the vector after a promoter. As a result, the inserted DNA will 
be transcribed to produce an RNA which is complementary to and capable of binding or 
hybridizing with the mRNA. Upon binding to the mRNA, translation of the mRNA is 
prevented, and consequently the protein coded for by the mRNA is not produced. 
Production and use of antisense expression vectors is described in more detail in US. 

30 Patent 5,107,065 (describing and exemplifying antisense regulation of genes in plants) and 
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U.S. Patent 5A 90.931 (describing antisense regulation of genes in both prokaryotcs and 
eukaryotes and exemplifying prokaryotes), both of which are incorporated herein by 
reference. 

"Amplification" of nucleic acid sequences is the in vitro production of multiple 
copies of a particular nucleic acid sequence. The amplified sequence is usually in the form 
of DNA. A variety of techniques for carrying out such amplification are described in a 
review article by Van Brunt (1990, Bio/TechnoU 8[4):29 1-294). Polymerase chain 
reaction or PCR is a prototype of nucleic acid amplification, and use of PCR herein should 
be considered exemplary of other suitable amplification techniques. 
Polypeptides 

For the purposes of defining the present invention, two proteins are homologous 
if 80% of the amino acids in their respective amino acid sequences are the same; for 
proteins of differing length, the sequences will be at least 80% identical over the sequence 
which is in common (i.e., the length of the shorter protein). 

Two amino acid sequences are "'substantially similar" when at least about 87% of 
the amino acids match over the defined length of the amino acid sequences, preferably a 
match of at least about 89%, more preferably a match of at least about 95%. Typically, 
two amino acid sequences which are similar will differ by only conservative substitutions. 

"Conservative amino acid substitutions" are the substitution of one amino acid 
residue in a sequence by another residue of similar properties, such that the secondary and 
tertiary structure of the resultant peptides are substantially the same^ Conservative amino 
acid substitutions occur when an amino acid has substantially the same charge or 
hydrophobicity as the amino acid for which it is substituted and the substitution has no 
significant effect on the local conformation of the protein. Amino acid pairs which may 
be conservatively substituted for one another are well-known to those of ordinary skill in 
the art. 

The polypeptides of this invention encompass pp32rl and pp32rl analogs, pp32r2 
and pp32r2 analogs, along with other variants of pp32 and their analogs. pp32rl and 
pp32r2 are naturally occurring, mature proteins, and further encompass all precursors and 
allelic variations of pp32rl and pp32r2, as well as including forms of heterogeneous 
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molecular weight that may result from inconsistent processing in vivo. An example of the 
pp32rl sequence is shown in Figure 3, top line. "pp32rl analogs" arc a class of peptides 
which includes: 

1) ^Allelic variations of pp32rl, ,, which are polypeptides which are 
5 substantially similar to pp32rl . Preferably the amino acid sequence of the allelic variation 

is encoded by a nucleic acid sequence that differs from the sequence of pp32rl by one 
nucleotide in 300; 

2) "Truncated pp32rl peptides," which include fragments of either pp32 or 
allelic variations of pp32rl that preferably retain either (i) an amino acid sequence unique 

10 to pp32rL (ii) an epitope unique to pp32rl or (iii) pp32rl activity; 

3) "pp32rl fusion proteins/' which include heterologous polypeptides which 
are made up of one of the above polypeptides (pp32rL allelic variations of pp32rl or 
truncated pp32rl peptides) fused to any heterologous amino acid sequence. 

"Unique" sequences of the pp32rl variant according to this invention, cither amino 
15 acid sequences or nucleic acid sequences which encode them, are sequences which are 
identical to a sequence of a pp32rl polypeptide, but which differ in at least one amino acid 
or nucleotide residue from the sequences of human pp32 (Genbank Locus HSU73477), 
murine pp32 (Genbank Locus MMU73478), human cerebellar leucine rich acidic nuclear 
protein (LANP) (Genbank Locus AF025684). murine LANP (Genbank Locus AF022957). 
20 HPP2a or human potent heat-stable protein phospatase 2a inhibitor (Genbank Locus 
HSU60823), SSP29 (Genbank Locus HSU70439), HLA-DR associated protein 1 (Genbank 
Locus HSPPHAPL Accession No. X75090), PHAPI2a (EMBL Locus HSPHAPI2A, 
Genbank Accession No. Y07569), PHAPI2b (EMBL Locus HSPHAPI2B, Genbank 
Accession No. Y07570), and April (EMBL Locus HSAPRIL). and preferably, are not 
25 found elsewhere in the human genome. (A list of these sequences is provided in Table 
3 A.) Similarly, an epitope is "unique" to pp32rl polypeptides if it is found on pp32rl 
polypeptides but not found on any members of the set of proteins listed above. Analogs 
of pp32r2 and unique pp32r2 sequences are defined similarly. Of course, unique 
sequences of pp32rl are not found in pp32r2 and vice versa. 
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''Variants of pp32" are homologous proteins which differ from pp32 by at least 2 
amino acids. In particular, sequence comparison between pp32 and a variant will 
demonstrate at least one segment of 10 amino acids in which the sequence differs by at 
least two (2) amino acids. More typically a variant will exhibit at least two such 1 0 amino 

5 acid segments. Preferably, variants of pp32 in accordance with this invention will exhibit 
differences in functional activity from pp32. In particular. pp32rl and pp32r2 are variants 
of pp32 whose activity includes stimulation of transformation in the rat fibroblast 
transformation assay described herein. 

A composition comprising a selected component A is "substahUaily free" of 

10 another component B when component A makes up at least about 75% by weight of the 
combined weight of components A and B. Preferably, selected component A comprises 
at least about 90% by weight of the combined weight, most preferably at least about 99% 
by weight of the combined weight. In the case of a composition comprising a selected 
biologically active protein, which is substantially free of contaminating proteins, it is 

15 sometimes preferred that the composition having the activity of the protein of interest 
contain species with only a single molecular weight (i.e., a "homogeneous 1 ' composition). 

As used herein, a "biological sample" refers to a sample of tissue or fluid isolated 
from a individual, including but not limited to. for example, plasma, serum, spinal fluid, 
lymph fluid, the external sections of the skin, respiratory, intestinal, and genitourinary 

20 tracts, tears, saliva, milk, blood cells, tumors, organs, and also samples of in vivo cell 
culture constituents (including but not limited to conditioned medium resulting from the 
growth of cells in cell culture medium, putatively virally infected cells, recombinant cells, 
and cell components). 

"Human tissue" is an aggregate of human cells which may constitute a solid mass. 

25 This term also encompasses a suspension of human cells, such as blood cells, or a human 
cell line. 

The term "immunoglobulin molecule" encompasses whole antibodies made up of 
four immunoglobulin peptide chains, two heavy chains and two light chains, as well as 
immunoglobulin fragments. "Immunoglobulin fragments" are protein molecules related 
30 to antibodies, which are known to retain the epitopic binding specificity of the original 



antibody, such as Fab, F(aby : . Fv. etc. Two polypeptides are "immunologically cross- 
reactive" when both polypeptides react with the same polyclonal antiserum. 
General Methods 

The practice of the present invention employs, unless otherwise indicated, 
5 conventional molecular biology, microbiology, and recombinant DNA techniques within 
the skill of the art. Such techniques arc well known to the skilled worker and are explained 
fully in the literature. See , e.g., Maniatis, Fritsch & Sambrook. "Molecular Cloning: A 
Laboratory Manual" (1982); "DNA Cloning: A Practical Approach." Volumes 1 and II 
(D.N. Glover, ed.. 1985); "Oligonucleotide Synthesis' 1 (M.J. Gait, ed., 1984); "Nucleic 

10 Acid Hybridization 11 (B.D. Hames & S.J. Higgins. eds.. 1985); "Transcription and 
Translation" (B.D. Hames & SJ. Higgins. eds., 1984): "Animal Cell Culture" (R.I. 
Freshney, ed., 1986); "Immobilized Cells and Enzymes' 1 (IRL Press, 1986); B. PerbaU "A 
Practical Guide to Molecular Cloning" (1984), and Sambrook, et aL "Molecular Cloning: 
a Laboratory Manual" (1989). 

1 5 pp32 Related Genomic DNA 

Screening a human genomic library in bacteriophages with probes generated from 
human pp32 cDNA yielded a new sequence that contained an open reading frame encoding 
a protein homologous with pp32 (see Example 2; pp32 sequence, reported in Chen, et aL. 
Mol Biol Cell, 7:2045-2056, 1996). While the pp32rl and pp32r2 sequences (see Figures 

20 2 and 5) are substantially homologous to pp32. multiple single nucleotide base changes and 
short deletions suggest that they are encoded by gene distinct from pp>32 gene. The pp32 
family also includes substantially homologous polypeptides reported by others: HLA-DR 
associated protein 1 (Vaesen, 1994), leucine-rich acidic nuclear protein (Matsuoka. 1994), 
and protein phosphatase 2A inhibitor (Li. 1996). 

25 DNA segments or oligonucleotides having specific sequences can be synthesized 

chemically or isolated by one of several approaches. The basic strategies for identifying, 
amplifving and isolating desired DNA sequences as well as assembling them into larger 
DNA molecules containing the desired sequence domains in the desired order, are well 
known to those of ordinary skill in the art. See. e.g.. Sambrook, et al., (1989); B. Perbal. 

30 (1984V Preferably. DNA segments corresponding to ail or a part of the cDNA or genomic 
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sequence of pp32rl may be isolated individually using the polymerase chain reaction 
(M.A. lnnis. et ah. "PCR Protocols: A Guide To Methods and Applications." Academic 
Press. 1990). A complete sequence may be assembled from overlapping oligonucleotides 
prepared by standard methods and assembled into a complete coding sequence. See, e^, 
5 Edge (1981) Nature 292:756; Nambair, et al. (1984) Science 223:1299: Jay, et al. (1984) 
J. Biol. Chcm ., 259:63 1 1 . 

The assembled sequence can be cloned into any suitable vector or rcplicon and 
maintained there in a composition which is substantially free of vectors that do not contain 
the assembled sequence. This provides a reservoir of the assembled sequence, and 

1 0 segments or the entire sequence can be extracted from the reservoir by excising from DNA 
in the reservoir material with restriction enzymes or by PCR amplification. Numerous 
cloning vectors are known to those of skill in the art. and the selection of an appropriate 
cloning vector is a matter of choice (see, e.g.. Sambrook, et al.. incorporated herein by 
reference). The construction of vectors containing desired DNA segments linked by 

15 appropriate DNA sequences is accomplished by techniques similar to those used to 
construct the segments. These vectors may be constructed to contain additional DNA 
segments, such as bacterial origins of replication to make shuttle vectors (for shuttling 
between prokaryotic hosts and mammalian hosts), etc. 

Procedures for construction and expression of proteins of defined sequence are well 

20 known in the art. A DNA sequence encoding pp32rl. pp32r2, or an analog of either 
pp31 Rl or pp32r2. can be synthesized chemically or prepared from the wild-type sequence 
by one of several approaches, including primer extension, linker insertion and PCR (see, 
e.g., Sambrook, et al.). Mutants can be prepared by these techniques having additions, 
deletions and substitutions in the wild-type sequence. It is preferable to test the mutants 

25 to confirm that they are the desired sequence by sequence analysis and/or the assays 
described below. Mutant protein for testing may be prepared by placing the coding 
sequence for the polypeptide in a vector under the control of a promoter, so that the DNA 
sequence is transcribed into RNA and translated into protein in a host cell transformed by 
this (expression) vector. The mutant protein may be produced by growing host cells 

30 transfected by an expression vector containing the coding sequence for the mutant under 
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conditions whereby the polypeptide is expressed. The selection of the appropriate growth 
conditions is within the skill of the art. 

The assembled sequence can be cloned into any suitable vector or replicon and 
maintained there in a composition which is substantially free of vectors that do not contain 
the assembled sequence. This provides a reservoir of the assembled sequence, and 
segments or the entire sequence can be extracted from the reservoir by excising from DNA 
in the reservoir material with restriction enzymes or by PCR amplification. Numerous 
cloning vectors are known to those of skill in the art, and the selection of an appropriate 
cloning vector is a matter of choice (see, e.g., Sambrook, et al., incorporated herein by 
reference). The construction of vectors containing desired DNA segments linked by 
appropriate DNA sequences is accomplished by techniques similar to those used to 
construct the segments. These vectors may be constructed to contain additional DNA 
segments, such as bacterial origins of replication to make shuttle vectors (for shuttling 
between prokaryotic hosts and mammalian hosts), etc. 
Producing the Recombinant Peptide 

Preferably, DNA from the selected clones should be subcloned into an expression 
vector, and the protein expressed by cells transformed with the vector should be tested for 
immunoreactivity with antibodies against the recombinant protein of this invention 
prepared as described below. Such subcloning is easily within the skill of the ordinary 
worker in the art in view of the present disclosure. The amino acid coding region of the 
DNA sequence of this invention may be longer or shorter than the coding region of the 
disclosed sequence, so long as the recombinant peptide expressed by the DNA sequence 
retains at least one epitope cross-reactive with antibodies which are specifically 
immunoreactive with pp32rl, pp32r2, or other pp32 variant as desired. The preparation 
of selected clones which contain DNA sequences corresponding to all or part of the 
sequence of pp32rl or pp32r2 may be accomplished by those of ordinary skill in the art 
using conventional molecular biology techniques along with the information provided in 
this specification. 

It is possible to purify a pp32 variant protein, such as pp32rh which is cross- 
reactive with antibodies specific for pp32, from an appropriate tissue/fluid source; 



16 



however, a cross-reactive pp32 variant or analog thereof, may also be produced by recom- 
binant methods from a DNA sequence encoding such a protein or polypeptide. 
Polypeptides corresponding to the recombinant protein of this invention may be obtained 
by transforming cells with an expression vector containing DNA from a clone selected 
5 from an mammalian (preferably human) library as described herein. Suitable expression 
vector and host cell systems are well known to those of ordinary skill in the an. and are 
taught, for instance, in Sambrook, et ah, 1989. The peptide may be obtained by growing 
the transformed cells in culture under conditions wherein the cloned DNA is expressed. 
Of course, the peptide expressed by the clone may be longer or shorter than pp32rl or 
10 pp32r2, so long as the peptides are immunologically cross-reactive. Depending on the 
expression vector chosen, the peptide may be expressed as a fusion protein or a mature 
protein which is secreted or retained intracelluiarly. or as an inclusion protein. The desired 
polypeptides can be recovered from the culture by well-known procedures, such as 
centrifugation, filtration, extraction, and the like, with or without cell rupture, depending 
15 on how the peptide was expressed. The crude aqueous solution or suspension may be 
enriched for the desired peptide by protein purification techniques well known to those 
skilled in the art. Preparation of the polypeptides may include biosynthesis of a protein 
including extraneous sequence which may be removed by post-culture processing. 

Using the nucleotide sequences disclosed herein and the polypeptides expressed 
20 from them, antibodies can be obtained which have high binding affinity for pp32rl or 
pp32r2. but much lower affinity for pp32 and/or other variants of pp32. Such antibodies, 
whether monoclonal or purified polyclonal antibodies can bemused to specifically detect 
pp32rl or pp32r2. Techniques for preparing polypeptides, antibodies and nucleic acid 
probes for use in diagnostic assays, as well as diagnostic procedures suitable for detection 
25 of pp32 are described in U.S. Patent Nos. 5 J26.01 8 and 5,734,022, incorporated herein 
by reference, and these techniques may be applied to pp32rl or pp32r2 by substitution of 
the nucleic acid sequences disclosed herein. Similar substitution may be applied to other 
variants of pp32. 
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pp32rl Promoter Sequence 

Multiple consensus sequences for binding active steroid receptors found in genomic 
sequences upstream from the pp32rl coding region are consistent with hormone regulation 
of gene expression. The consensus sequences were associated with the both induction and 
repression of expression by steroid hormones. The combination of both positively and 
negatively acting elements suggests complex regulation of pp32rl expression. 

Possible steroid hormone regulation of pp32rl expression is important in regard to 
prostate cancer. While about one-half of treated patients initially respond to androgen 
ablation, subsequent hormone refraction and continued aggressive tumor erowth is 
common (Garnick, MB., "Prostate Cancer," in Scientific American Medicine . Dale, D.C. 
and Federrnan, D.D. Eds., Scientific American Inc., New York, 1995), Many different 
steroid hormones regulate the growth of prostate cancer cells (Huggins, et ak, "Studies on 
prostate cancer: I. The effect of castration, of estrogen, and of androgen injection on serum 
phosphatases in metastatic carcinoma of the prostate," Cancer Res.. 1 :293, 1 941). These 
findings established a basis for androgen ablation therapy for the treatment of metastatic 
prostate cancer. 

The present invention provides androgen-activated promoters based on the 
upstream portion of the genomic sequence in Figure 2. The promoter sequence provided 
by this invention is bounded at its 3' terminus by the translation start codon of a coding 
sequence and extends upstream (5 1 direction) to include at least the number of bases or 
elements necessary to initiate transcription at levels above background. Within the 
promoter sequence will be found a transcription initiation site* (conveniently defined by 
mapping with nuclease SI ), a protein binding domain (consensus sequence) within about 
1 00 bases upstream of the transcription initiation site generally designated the TATA box 
(a binding site for TATA box binding proteins and RNA polymerase), and various other 
protein binding domains (consensus sequences) upstream of the TATA box that modulate 
the basic transcriptional activity of the transcription initiation site and the TATA box. The 
various other protein binding domains preferably contain recognition sequences shown in 
Table I for binding (l) androgen receptors, estrogen receptors, glucocorticoid receptors, 
and progesterone receptors; (2) transcription factors containing the leucine zipper motif 
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including, but not limited to Fos, Jun. JunB. and Myc; and, (3) cenain tissue specific 
transcription factors including, but not limited to GATA-1 and GATA-2. The various 
other protein binding domains upstream of the TATA box may contribute to specificity 
(tissue specific expression), accuracy (proper initiation), and strength (transcription 
5 frequency) of the promoter. The promoter elements may serve overlapping functions so 
that the promoter may function in the absence of subsets of these elements. 
Therapy 

Inhibition of function of protransforming variants of pp32 by any means would be 
expected to be an avenue of therapy. - - 

10 U.S. Patent No. 5,726.018, incorporated herein by reference, describes various 

therapeutic avenues which may be applied by the skilled worker based on the nucleotides 
and protein sequences disclosed herein. In a particular embodiment, all or a portion of the 
sequence of pp32rl or pp32r2 may be supplied in the antisense orientation to block 
expression of the variants found in carcinomas, particularly prostate cancer. Suitable 

15 methods for preparation of antisense expression vectors and administration of antisense 
therapy may be found in U.S. Patent No. 5,756,676, incorporated herein by reference. 
Prescreening of the patient population using the diagnostic methods described herein to 
identify patients having tumors expressing the particular pp32 variant is preferred. 

Screening for compounds having therapeutic effects in prostate cancer may also be 

20 facilitated by the present invention. Studies which may be used to screen candidate 
compounds are described in U.S. Patent No. 5,756,676, incorporated herein by reference, 
modified by the use of cell lines which express particular variants of pp32 (see, e.g., 
Examples below). Compounds which affect steroid dependent protein expression may also 
be detected according to this invention by similar screening studies using an androgen- 

25 activated promoter as provided herein opcratively coupled to a DNA sequence whose 
expression may be detected. (Marker sequences are well known in the art, see, e.g., 
Sambrook, et al., and selection of an appropriate detectable expression marker is a routine 
matter for the skilled worker.) Screening by testing the effect of candidate compounds on 
recombinant cells containing an expression vector having an androgen-activated promoter 

30 operatively coupled to an expression marker, with appropriate controls, is within the skill 
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of the art, in view of the promoter sequences provided herein. In one aspect, this invention 
provides a method for screening candidate compounds for pharmacological activity by ( 1 ) 
culturing a cell transfected with the DNA molecule containing an androgen-activated 
transcriptional promoter which is operatively linked to an open reading frame comprising 
5 at least one exon of a protein coding sequence, and (2) determining expression of the open 
reading frame in the presence and absence of the compound. In a preferred mode the 
androgen activated promoter may be the portion of the sequence in Figure 2 which is up- 
stream of the translation initiation site, or alternatively the androgen activated promoter 
may be the 2700 bp upstream from the translation initiation site. 

1 0 Diagnostic Methods Based on the pp32 Gene Family 

In one aspect this invention provides methods for detecting and distinguishing 
among members of the pp32 gene family. As explained herein, the presence of one or 
more members of the gene family may be detected using assays based on common 
structures among the members resulting from common or similar sequences. For example, 

1 5 polyclonal antibodies elicited by pp32 will cross-react with pp32r I and pp32r2. including 
various alleles of these pp32 variants. Similarly, the full coding region of the pp32 cDNA 
will hybridize under suitable conditions with nucleic acid encoding any of the variants, as 
shown by the in situ detection of the variants in tumor sections which were subsequently 
shown to contain either pp32rl or pp32r2 allelic forms (Example 1). Selection of 

20 conditions that promote the immune cross-reactivity or cross-hybridization necessary for 
such detection is within the skill of the art, in view of the examples provided herein. For 
example, by using large nucleotide probes in hybridization experiments, the effects of one 
or a few differences in sequence may be overcome, i.e.. larger probes will bind to more 
dissimilar target sequences, in contrast to shorter probes for which each nucleotide makes 

25 a larger percentage contribution to the affinity, and a single nucleotide alteration will cause 
a greater relative reduction in hybridization efficiency. Typically probes of 50 or more 
nucleotides are used to find homologues to a given sequence, and the studies reported in 
Example 1 used the entire sequence of pp32 as a probe to find cells expressing homologous 
members of the gene family other than pp32. Likewise, polyclonal antisera elicited to an 

30 antigen having multiple epitopes is more likely to cross-react with a second antigen that 
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has a few of the same epitopes along with many different epitopes, while a monoclonal 
antibody or even a purified polyclonal antiserum might not bind to the second antigen. 

In addition to determining the presence of one or more members of the pp32 gene 
family, this invention also provides methods for distinguishing among members. 
5 Determining which pp32 variant may be useful for instance, to determine whether a 
transfomation promoting or suppressing variant is present in a tissue sample. Suitable 
methods for distinguishing include both immunoassay and nucleic acid binding assays. 
Preferred are methods which can detect a 10-fold difference in the affinity of the detecting 
ligand (e.g., antibody or oligonucleotide) for the target analyte. Such methods are well 

10 documented for other systems, and may be adopted to distnguish between pp32 variants 
by routine modification of such methods in view of the guidance provided herein. 

Protein level assays may rely on monoclonal or purified polyclonal antibodies of 
relatively greater affinity for one variant compared to another (see, e.g., Smith, et al. 
("Kinetics in interactions between antibodies and haptens," Biochemistry, 

15 14(7): 1496- 1502. 1975. which shows that the major kinetic variable governing 
antibody-hapten interactions is the rate of dissociation of the complex, and that the strength 
of antibody-hapten association is determined principally by the activation energy for 
dissociation), and Pontarotti. ct aL("Monoclonai antibodies to antitumor Vinca alkaloids: 
thermodynamics and kinetics/ 1 Molecular Immunology, 22(3):277-84, 1985. which 

20 describes a set of monoclonal antibodies that bind various dimeric alkaloids and can 
distinguish among the alkaloid haptens due to different relative affinities of the various 
monoclonal antibodies for particular dimeric alkaloids), eiacfT of which .is incorporated 
herein by reference). Suitable modifications of the conditions for immunoassays to 
emphasize the relative affinity of monoclonal antibodies with different affinity arc also 

25 discussed in U.S. Patent No. 5.759,791 . incorporated herein by reference. 

A number of methods are available which are capable of distinguishing between 
nucleic acid sequences which differ in sequence by as little as one nucleotide. For 
example, the ligase chain reaction has been used to detect point mutations in various genes 
(see. e.g., Abravaya. et al., "Detection of point mutations with a modified ligase 
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chain reaction (Gap-LCR)" Nucleic Acids Research, 23(4):675-82, 1 995, or Pfeffer, ct al., 
"A ligase chain reaction targeting two adjacent nucleotides allows the differentiation of 
cowpox virus from other Orthopoxvirus species/* Journal of Virological Methods, 
49(3):353-60, 1994, each of which is incorporated herein by reference). Amplification of 
5 a sequence by PCR also may be used to distinguish sequences by selection of suitable 
primers, for example, short primers, preferably 10-15 matching nucleotides, where at least 
one of the primers has on the 3' end a unique base that matches one variant but not other 
variants, and using annealing conditions under which the primer having the unique base 
has at least a ten-fold difference in dissociation rate between the fully matching variants 

10 and variants which do not fully match. Similar differentiation may be achieved in other 
methods dependent on hybridization by using short probes (typically under 50bp, 
preferably 25bp or less more preferably less than 20bp or even 10-12 bp) by adjusting 
conditions in hybridization reactions to achieve at least a ten-fold difference in dissociation 
rate for the probes between the fully matching variants and variants which do not fully 

1 5 match. Cleavase fragment length polymorphism may also be used, and a specific example 
below provides guidance from which the skilled worker will be able to design similar 
studies by routine selection of other cleavase enzymes in view of the sequences provided 
herein. 

The diagnostic methods of this invention may be used for prognostic purposes and 
20 patient differentiation as described herein. In particular, the methods of this invention 
allow differentiation between products expressed from the various sequences disclosed in 
Figure 7. Preferred methods are those that detect and/of "differentiate, between pp32, 
pp32rL and/or pp32r2. Situations in which differentiation between pp32 variants will be 
of benefit will be readily apparent to the skilled clinician, in view of the present disclosure. 
25 Selection among the diagnostic methods provided by this invention of a suitable technique 
to achieve the desired benefit is a routine matter for the skilled clinician, 

EXAMPLES 

In order to facilitate a more complete understanding of the invention, a number of 
Examples are provided below. However, the scope of the invention is not limited to 



specific embodiments disclosed in these Examples, which are for purposes of illustration 
only. 

Example 1. Cellular Location of pp32 Expression 

pp32 mRNA can be detected by in situ hybridization with a pp32 probe under 
5 stringent conditions. 

In situ hybridization. Bases 1 -298 of the pp32 cDNA sequence (GenBank I ISU73477) 
were subcloned into the Bluescript vector by standard techniques. Digoxigenin labeled 
anti-sense and sense RNA probes were generated using a commercially available kit 
(Boehringer Mannheim). Vector DNA linearized with BamHl and Xhol served -as template 
1 0 for antisense and sense probe generation respectively. In vitro transcription was performed 
for 2 hours at 37° in a final volume of 20 \x\ which contained 1 fig of template DNA, 2 
U/^il of either T3 or T7 RNA polymerase, 1 \}l\x\ ribonuclease inhibitor, 3 mM each of 
ATP, CTP, GTP. 0.65 mM UTP, 0.35 mM digoxigenin-1 1-UTP, 40 mM Tris-HCl pH 8.0, 
10 mM NaCI, 10 mM DTT, 6 mM MgCU and 2 mM spermidine. The reaction was 
15 stopped by adding 2 jil of 0.2M EDTA, pH 8, 0 and the synthesized transcripts were 
precipitated for 30 min at -70° with 2.2 ul of 4 M LiCl and 75 ^1 of pre-chilled ethanol. 
RNA was pelleted by centrifugation, washed with 80% ethanol, mildly dried and dissolved 
in 100 ul of DEPC treated water. Yields of labeled probe were determined by an enzyme 
linked immunoassay using a commercially available kit (Boehringer Mannheim), Non- 
20 radioactive in situ hybridization was performed with anti-sense and sense pp32 RNA 
probes generated by in vitro transcription (see U.S. Patent No. 5,726,018, incorporated 
herein by reference). Figure 1A shows that normal prostatic basal cells are positive, 
whereas the clear, differentiated glandular cells are negative. In contrast, prostatic 
adenocarcinoma, shown at left, is strikingly positive. Note that the signal is cytoplasmic 
25 since it is mRNA and not the protein that is detected in this assay. 

pp32 displays a distinctive pattern of expression in vivo (Chen, et al.; MaleL et al„ 
"identification and preliminary characterization of two related proliferation-associated 
nuclear phosphoproteins " Journal of Biological Chemistry, 265:13400-13409, 1990; 
Walensky, et aL, "A novel M(r) 32,000 nuclear phosphoprotein is selectively expressed in 
30 cells competent for self-renewal," Cancer Research 53:4720-4726, 1993). In normal 
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peripheral tissues, expression is restricted to stem-like cell populations such as crypt 
epithelial cells in the gut and basal epithelium in the skin; in the adult central nervous 
system, cerebral cortical neurons and Purkinje cells also express pp32. In normal prostate, 
basal cells express pp32, whereas pp32 mRNA is not detectable by in situ hybridization 
5 in differentiated glandular cells (Figure 1 A). In contrast, strong in situ hybridization to 
pp32 probes is found in nearly all clinically significant human prostatic adenocarcinomas. 
87% of human prostatic adenocarcinomas of Gleason Score 5 and above express mRNA 
that hybridizes strongly with probes to pp32 in contrast to only 1 1% of prostate cancers of 
Gleason Score 4 and below in a study of 55 patients. - - 

10 Immunohistochcmistry. Formalin-fixed, paraffin-embedded tissue was sectioned at 
4 (iM, deparaffinized. hydrated, processed for heat-induced antigen retrieval at 95 ~ in 0.01 
M citrate buffer, pH 6.0, for 20 min (Cattoretti, et al., "Antigen unmasking on formalin- 
fixed, paraffin-embedded tissue sections,'Vowrna/ of Pathology 3 71:83-98. 1993), then 
incubated overnight at room temperature with a 1/20 dilution of anti-pp32 antibody. 

15 Following washing, the slide was sequentially developed with biotinylated swine-anti- 
rabbit IgG at 1/100 (Dako), strepavidin peroxidase (Dako), and diaminobenzidine. Figure 
IB shows a representative high-grade human prostate cancer stained with affinity-purified 
rabbit polyclonal anti-pp32 antibody (Gusev, et al., "pp32 overexpression induces nuclear 
pleomorphism in rat prostatic carcinoma cells," Cell Proliferation 29:643-653. 1996). 

20 The left-hand panel shows a representative field at 250x: the rectangle indicates the area 
shown in computer generated detail in the right-hand panel. Strongly hybridizing tumors 
show intense immunopositivity with antibodies to pp32. indicating that they express pp32 
or immunologically related proteins (Figure 1 A and IB). 
Example 2* ESTs corresponding to pp32 

25 Several potential variant pp32 species have been identified in the prostate cancer 

expressed sequence tag libraries of the NCI's Cancer Genome Anatomy Project. Clone 
588488 encodes a protein that is 96% identical to APRIL, although absent retrieval and 
sequencing of the full clone, it is impossible to teli whether the entire EST clone encodes 
a pp32 related sequence; neither is it possible to assess the biologic function of this 

30 molecule at this time. Nevertheless, it is apparent that the sequenced portion encodes a 
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protein bearing great similarity to pp32. This EST does not appear in the database for 
normal prostate. As with the variant pp32 species recovered from prostate cancer, 
generation of this molecule by mutation would require a complex mechanism. 

pp32-related genes are present in other organisms. The existence of a pp32 gene 
5 family in rodent would be consistent with the existence of a comparably sized family in 
human. A murine pp32 (GenBank U73478) has 89% amino acid identity to pp32. but less 
identity to pp32rl and APRIL. (The murine cerebellar leucine rich acidic nuclear protein 
has a single amino acid substitution relative to murine pp32.) We additionally identified 
a murine EST, GenBank AA066733, with closest identity to APRIL protein at 85% 

10 identity over 148 amino acids of a predicted open reading frame. Several other murine 
ESTs. AA2 12094 and W82526. are closely related to the pp32 family bui are not 
significantly more related to either pp32, pp32rl, or APRIL. A human homologue of such 
a gene would be expected to encode a fourth member of this gene family. We identified 
ESTs predicted to encode pp32-related proteins in C elegam\ schistosomes, zcbrafish. and 

1 5 Drosophila (data not shown). However, these sequences may not represent the complete 
extent of the pp32 gene family in these organisms, and thus are not informative for the 
likely size of the mammalian pp32 gene family. 

Example 3, The Structure of a Gene Encoding a Relative of the pp32 Family 

Screening a human genomic library in bacteriophages with probes generated from 
20 human pp32 cDNA yielded a new sequence that contained an open reading frame encoding 
a protein homologous with pp32. 

Screening a Human Genomic Library in Bacteriophages for pp3 2 cDNA-: 

A genomic library from human placenta in the Lambda Fix II vector was expressed 
in E. coli strain XL-1 Blue MRA (Stratagene #946206). Screening for bacteriophage 

25 clones containing DNA inserts homologous with pp32 cDN A followed routine procedures 
(Sambrook, et aL). Briefly, nitrocellulose filters that had overlain bacteriophage plaques 
were hybridized with P-32 labeled probes for pp32 cDNA. The probes were prepared by 
the random primer method (Stratagene #300385) using pp32 cDN A as a template (Chen, 
et ah, Molec. Biol CelL 7:2045-2056,1996.). Reactive bacteriophage plaques were 

30 plugged and the bacteriophages were eluted, reexpressed, and rescreened with pp32 cDNA 



probes until pure. Bacteriophage DNA was prepared by the plate lysaie method 
(Sambrook, et al.K 

Identifying Restriction Fragments within Bacteriophage DNA Containing Sequences 
Homologous with pp32 cDNA. 
5 DNA from a bacteriophage clone containing pp32 cDNA sequences was digested 

with Hindlll. Using routine methods, the restriction fragments were separated by agarose 
gel electrophoresis, transferred in alkaline buffer to positively charged nylon filters, and 
hybridized with probes that were selective for the 5* and 3* ends of the pp32 cDNA 
(Sambrook, et al.V The 5' and 3' probes were prepared as described above except that the 
10 products of polymerase chain reactions (PCR) were used as templates for the labeling 
reactions (SaikL et aL Science. 239:487-491,1988.). One PCR product was a 249 base pair 
segment of pp32 cDNA containing nucleotides 32 through 279. It was the result of a 
reaction using a pp32cDNA template and the primers 

S'-TATGCTAGCGGGTTCGGGGTTTATTG^ and 
15 S'-GATTCTAGATGGTAAGTTTGCGATTGAGG-S* (primer set A). 

The other product was a 263 base pair segment of pp32 cDNA including nucleotides 677 
through 938. It was the result of a reaction using a pp32 cDNA template and the primers 
5 , -GAATCTAGAAGGAGGAGGAAGGTGAAGAG-3 , and 
5 '-CTATCTAG ATTCAGGGGGC AGGATTAG AG-3 ' (primer set B). 
20 The PCR reactions included 35 cycles of one minute denaturations at 95°C one minute 
primer annealings at 50°C, and one minute extensions at 72°C (cycling program A). A 4.7 
kb Hindll I restriction fragment that hybridized with the 5' proKe, but not with the 3' probe 
and a 0.9 kb Hindlll fragment that hybridized with the 3* probe, but not with the 5' probe 
were subcloned into pBluescript (Gibco) by routine methods (Sarnbrook, et aL). The 
25 nucleotide sequences of both strands of purified plasmid DNA containing the inserts were 
determined by automated procedures (DNA Analysis Facility, Johns Hopkins University 
School of Medicine), 

Completion of Sequencing by Direct Sequencing of PCR Products* Alignment 
of the sequences of the 4.7 and 0.9 kb Hindlll restriction fragments with pp32 cDNA 
30 showed about 90% homologies between the 3' end of the 4.7 kb fragment and the 5* region 
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of pp32 cDNA and the 5" end of the 0.9 kb fragment and the 3' region of the pp32 cDNA. 
There was an unaligned 199 base pair gap of pp32 cDNA sequence between the ends of 
the restriction fragments. Primers were designed to specifically anneal to relative pp32 
sequences on both sides of the sequence gap. The primer sequences were 
5 S'-GAGGTTTATTGATTGA ATTCGGCT-3 * and 

5 , -CCCCAGTACACTTTTCCCGTCTCA-3 , (primer set C), 
Polymerase chain reactions followed cycling program A with prrmer set C and pure 
bacteriophage DNA as a template. The 943 base pair products were shown by ethidium 
bromide staining agarose gels, extracted from excised fragments of low melt agarose 
10 (NuSieve) electrophoresis gels, and sequenced by automated procedures as described 
above. 

A sequence of 5,785 bases was obtained from the human placental genomic library 
bacteriophage clone containing segments homologous with pp32 cDNA (Figure 2). This 
sequence was deposited in Genbank under Accession No, U71 084, Locus HSU7] 084. The 

1 5 sequence has an open reading frame extending from nucleotides 4,453 to 5, 1 54. Analysis 
of the nucleotide sequence upstream of the open reading frame revealed consensus 
sequences for active steroid hormone receptors at over twenty positions (Table 1 ). 

Sequence analysis of the open reading frame showed 94% sequence homology to 
pp32 (Figure 3). Alignment of the open reading frame sequence to pp32 cDNA revealed 

20 33 scattered, solitary base differences and clustered differences of two and seven bases. 
There were two internal deletions of three and nine bases. The open reading frame 
encoded a polypeptide containing 234 amino acid residues with 88% protein-level 
homology to pp32 (Figure 4), Alignment of the translated sequence to the pp32 amino 
acid sequence revealed 18 scattered, solitary amino acid residue differences, three 

25 differences in clusters of two residues, and one difference in a clusters of four residues. 
There were two internal deletions of one and three residues and a terminal deletion of 
eleven residues. The translated sequence contained 69 acidic residues. 26 fewer than pp32. 
Example 4. Chromosome Mapping of pp32rl 

The pp32rl gene maps to chromosome 4 as determined by PCR of the NIGMS 

30 monochromosomal panel 2 (Drwinga. et ai., "NIGMS human/rodent somatic cell hybrid 
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mapping panels 1 and 2," Genomics 16:31 1314, 1993) followed by sequencing of the PCR 
product. Interestingly, the full sequence of pp32rl including 4364 nucleotides of sequence 
5' to the start ATG contained over 400 matches in a blastn search of the non-redundant 
GenBank database. These matches were to two short regions of about 278 and 252 base 
5 pairs (nucleotides 674-952 and 2542-2794) that represent repeats in opposite orientations. 
The repeats are significantly related to elements on many chromosomes. 

The human pp32 gene has been mapped to chromosome . 15q22.3-q23 by 
fluorescence in situ hybridization (Fink, ct aL). A Unigene entry for pp32 (Hs. 76689; 
HLA-DR associated protein 1 ) lists 93 EST sequences corresponding to this gene, 12 of 

10 which contain a mapped sequence-tagged site (STS). These STS sites are all reported to 
map to chromosome 15, as are many of the pp32 EST's analyzed by electronic PCR 
('http://www.ncbLnim.nih.gov). APRIL protein was also mapped to chromosome 15q25 
(Mencinger, ct aL: GenBank Y07969), 
Example 5. Sequence Analysis of pp32r2 

15 A pp32-related sequence (designated pp32r2) has been identified on chromosome 

12 by methods analogous to those described in Example 2 for isolation of the unique 
intronless pp32-related gene pp32rl, found on chromosome 4. It was initially thought that 
the chromosome 1 2 sequence, encoding a truncated protein, might represent a pseudogene; 
however that interpretation has been reassessed in view of the present findings. The 

20 sequence has been designated pp32r2, and is recorded in Genbank as locus AF00821 6; the 
sequence of pp32r2 is shown in Figure 5. By BESTFIT analysis (Genetics Computer 
Group, Inc., Wisconsin Package, version 9.L Madison, Wf, 1997), pp32r2 is 99.5% 
identical to FT 1.11. FT2.4 and Tl, showing four nucleotide differences over the 875 
nucleotide overlap of the sequences; this level of variation is consistent with a 

25 polymorphism. Similarly, BESTFIT analysis shows that PP32R1 is 99.6 % identical to 
FT3.3 and 99.4% identical to FT2.2, displaying four and five nucleotide differences, 
respectively (see Figure 7 below). 

Example 6. Sequence Comparison of Multiple Clones 

Screening of a human placental genomic library in Lambda Fix II vector 
30 (Stratagene #946206) with P-32 labeled probes for pp32 cDNA yielded a clone of 
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approximately 23 kb. 4.7 kb and 0.9 kb HindJII restriction fragments of this clone 
hybridized with probes for pp32 cDNA. The 4.7 kb clone aligned with the 5' portion of 
the pp32 cDNA sequence, and the 0.9 kb fragment aligned with the 3' end. A small 
discontinuity of 0.2 kb was sequenced from a bridging PCR product. No introns were 
5 identified. 

Cultured cells including the whole human embryonic line FSH173WE and the 
prostatic cancer cell lines PC-3 and LNCaP (American Type Culture Collection) were 
grown under recommended tissue culture conditions. Poly A+ RN A was prepared -by oligo 
dT adsorption (MicroFasTrack, Invitrogen) and used as a template for the generation of 

1 0 cDNA through reactions with reverse transcriptase and random hexamers (GeneAmp RN A 
PCR Kit, Perkin Elmer). The cDNA sequences encoding the open reading frame were 
amplified by nested PCR using primers specifically selective for the genomic sequence 
over pp32 sequences. The final 298 base pair products were seen by ethidium bromide 
staining agarose elcctrophoretic gels. 

1 5 Using procedures similar to those described in Example 3. except without the need 

for nested primers in most cases, transcripts from DU-145 cells and from numerous 
patients were sequenced for comparison to the transcripts from the above samples. The 
results are shown in Table 2. A summary of the degree of identity between various 
transcripts is provided in Table 3. 

20 Example 7. Sequence Variation for Individual Isolates of Different Cell Lines and 
Tumor Tissue 

The explanation for the apparent discordant expresskirToF pp32 in cancer is that 
prostate tumors do not generally express pp32, but rather express variant pp32 species that 
promote transformation, instead of inhibiting it. 

25 RT-PCR and CFLP. Sequences were reverse-transcribed and amplified using bases 32 
to 52 of HSU73477 as a forward primer and 9 1 9 to 938 of the same sequence as a reverse 
primer in conjunction with the Titan One-Tube RT-PCR kit (Boehringer). Reverse 
transcription was carried out at 50° for 45 min followed by incubation at 94° for 2 min; 
the subsequent PCR utilized 45 cycles of 92° for 45, 55° for 45 sec. and 68° for 1 min 

30 with a final extension at 68° for 10 min in a PTC 100 thcrmocycler (MJ Research). 
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Template RN A was isolated from cell lines or frozen tumor samples using RNAzol B (Tel- 
Test) according to the manufacturer's instructions, then digested with RNAse-frce DNAsc 
I (Boehringer). pCMV32 was used as a positive control without reverse transcription. 
The cleavage assay was performed according to the manufacturer's specifications (Life 
5 Technologies) with digestion at 55° for 10 min at 0.2 mM MnCL and clcctrophoresed on 
a 6% denaturing polyacrylamide sequencing gel. 

At the level of RTPCR, paired normal prostate and prostatic adenocarcinoma from 
three patients yielded amplification products {Figure 6A) ranging from 889 to 909 bp. 
The reaction employed consensus primers capable of ampliring the full-length coding 

1 0 sequence from pp32 and the two closely-related intronless genomic sequences pp32rl and 
pp32r2. The sole difference noted was a diminished amplicon yield from normal tissue 
as compared to neoplastic. Four human prostatic adenocarcinoma cell lines. DU-145, 
LNCaP. PC-3. and TSUPR-1, also yielded similar products. 

Figure 6A shows RT-PCR amplified DN A from human prostate and prostate cancer 

15 cell lines. Lane a is an undigested control whose band migrated substantially slower than 
the digestion produces; samples in all other lanes were digested with cleavage as described. 
The lanes show: 1 kb ladder (Life Technologies), A; pCMV32. B; DU-145. C: LNCaP. D; 
PC-3. E; TSUPr-1. F: a representative sample, FT- 1, without reverse transcription. G; FN- 
1, H; FT-L I; FN-2. J; FT-2, K; FN-3. L; FT-3. M: negative control with template omitted. 

20 FN indicates frozen benign prostate and the number indicates the patient; FT indicates 
frozen prostatic adenocarcinoma and the number indicates the patient. Numbers on the 
left-hand side of the figure indicate the size in kb of a reference 1 kb DNA ladder (Life 
Technologies). 

Qualitative differences between normal and neoplastic tissue began to emerge when 
25 the RT-PCR products were subcloned and analyzed by cleavage fragment length 
polymorphism analysis (CFLP) and sequence analysis. Figure 6B shows a clcavase 
fragment length polymorphism analysis of cloned cDNA amplified by RT-PCR from 
human prostatic adenocarcinoma, adjacent normal prostate, and human prostatic 
adenocarcinoma cell lines using primers derived from the normal pp32 cDN A sequence. 
30 The lanes show individual RT-PCR-derived clones from the DU-145. LNCaP. PC-3 and 
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TSUPrl cell lines, from frozen prostate cancer (FT), and from frozen normal prostate (FN): 
a, undigested normal pp32 cDNA; b, normal pp32 cDNA; c, DU-145-I; d, DU-145-3; e, 
DU-145-5; f. LNCaP-3; g, PC3-3; h, PC3-8; u TSUPrl. -1; j, TSUPrl-3: k, TSUPrl-6; 1, 
FT1.1 1: m, FT1.7; n, FT2.2; o, FT2.4; p, FT3.18; q, FT3.3; r. FN3.17; s, FN2.1. LNCaP 
5 expresses normal pp32. The band shifts correspond to sequence differences. All clones 
of RT-PCR product from normal prostate tissue displayed a normal CFLP pattern that 
corresponded precisely to that obtained from cloned pp32 cDN A template (GenBank 
HSU73477, Figure 6B). Prostatic adenocarcinomas yielded four distinct CFLP patterns 
upon similar analysis, of which three were unique and one mimicked the normal pp32 
10 pattern. Examination of DU-145. PC-3, and TSUPR-1 cell lines yielded substantially 
similar results whereas LnCaP yielded only a normal pp32 CFLP pattern. Further analysis 
at the sequence level confirmed that normal prostate and LnCaP contained solely normal 
pp32 transcripts. 

Transcripts obtained from prostatic adenocarcinomas and from most cell lines 

15 represented closely-related variant species of pp32, summarized in Table L These 
transcripts varied from 92.4% to 95.9% nucleotide identity to normal pp32 cDNA 
(Genetics Computer Group, Inc., Wisconsin Package, version 9.1, Madison, WL 1997). 
Of the sixteen variant transcripts obtained, fifteen had open reading frames encoding 
proteins ranging from 89.3% to 99.6% identity to normal pp32. The table summarizes data 

20 obtained for variant pp32 transcripts obtained from human prostatic adenocarcinoma and 
prostate cancer cell lines. Sequences falling into closely related groups are indicated by 
the group letters (A,B,C); U indicates unassigned sequences"*~not clearly falling into a 
group. The origin of each sequence is: FT, frozen tumor followed by patient number, 
decimal point, and clone number; D, DU-145 followed by clone number (as are all cell line 

25 sequences); P, PC3; and T, TSUPrl. Nucleotide identity, gaps in the nucleotide sequence 
alignment, and protein identity were determined from BESTFIT alignments with the 
normal pp32 cDNA and protein sequences. The effect on transformation is described as: 
stimulates, more foci obtained when transfected with ras+myc than with ras-rmyc+vector 
control; inactive, equivalent foci obtained as with ras + myc + vector control; and 

30 suppresses, fewer foci obtained as with ras + myc + vector control. 



The predicted protein sequences fell into three discrete groups; [1] truncated 
sequences spanning the N-terminal 131 amino acids of pp32, of which one such sequence 
substantially equivalent to pp32r2 was obtained identically from two of three patients and 
from the TSUPR-1 cell line; [2] sequences more closely homologous to a distinct pp32- 
5 related gene, pp32rl than to pp32. and [3] heterogeneous pp32-related sequences. Tumors 
from two of the three patients analyzed contained no detectable normal pp32 transcripts. 
Two of twelve cloned transcripts from the third patient tumor were normal by CFLP 
pattern, with sequence confirmation of normality on one clone. Two clones from cell lines 
were normal by CFLP screening, but were later shown to represent variant -sequences. 

1 0 Figures 7A and 7B show a multiple pairwise alignment of nucleotide and predicted 

protein sequences for all transcripts (Smith, et aU "Identification of common molecular 
subsequences/* J. Mol Biol.. 347:195-197 1981). The figures were compiled with the 
GCG Pileup and Pretty programs (Smith, et al.). Differences from the consensus 
sequences are shown as indicated; agreement with the consensus sequence is shown as a 

15 blank. Normal human pp32 is designated hpp32. Sequences from the TSUPrL PC3. and 
DU-145 cell lines are as indicated. The designation FT indicates sequence derived from 
a frozen human prostatic adenocarcinoma. Only the normal pp32 sequence, hpp32. was 
obtained from normal prostate adjacent to tumor tissue. Figure 8 A shows alignment of the 
amplicon nucleotide sequences with pp32 and the predicted amplicon from pp32rl; Figure 

20 8B shows alignment of the predicted protein sequences. One sequence (FT 1.11). 
independently obtained three times from two separate patients and the TSUPR-1 cell line, 
is shown only once in the diagram. The pileup and pairwise alignments illustrate several 
important points: [ 1 ] there is a high degree of sequence conservation at both the nucleotide 
and predicted amino acid levels; [2] the sequence differences are distributed throughout 

25 the length of the sequence without obvious hotspots: [3] there is no obvious clustering or 
segmentation of sequence differences; and [4] the variant sequences fall into the previously 
described groups. These points are detailed in Figures 8 A and 8B. 
Example 8. Diagnostic method to distinguish among family members 

The three members of the pp32 family which are expressed in human prostate 

30 cancer are pp32, pp32rl and pp32r2. Whereas pp32 suppresses in vitro transformation and 
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in vivo tumorigenesis in model systems. pp32rl and pp32r2 are pro-transforming and are 
tumorigenic in the same systems. It is possible to determine which of the three members 
is expressed in a tissue sample by using a protocol similar to that described in Example 7. 

5 Analysis from freshly frozen human tissue and cell lines. Total RNA is extracted 

from freshly frozen human tissues or human cancer cell lines and subjected to reverse 
transcription and polymerase chain reaction amplification with single, set of primers 
capable of amplifying the entire coding region of the cDNA of all the three genes. A 
suitable set of primers is: 
1 0 Upper: 5'GGG1TCGGGGTTTATTG3' - This corresponds to bp32 to bp48 

of the pp32 cDNA sequence (Genbank U73477) 

Lower: 5CTCTAATCCTGCCCCCTGAA3' - This corresponds to bp919 
to bp938 of the pp32 cDNA sequence (Genbank U73477) 
The observed amplicon sizes with this primer set are pp32 - 907bp, pp32rl - 889bp and 
1 5 pp32r2 - 900bp, The three cDNAs are distinguished from each other by restriction enzyme 
digestion with the following enzymes - EcoR 1, Hind III and Xho L The resultant digest 
is run on a 2.5% agarose gel to positively identify the three different cDNAs. The table 
below lists the sizes of the bands observed The bolded numbers indicate the band sizes 
useful for identification of the three cDNAs. 
20 Table 4A Expected band sizes upon restriction digestion of the RT-PCR product 
from fresh tissue and cell lines 





Undigested 


EcoR I 


EcoR I/Hind 111 
Double digest 


EcoR I/Xho 1 
Double digest 


hpp32 


907 


21.177,709 


21.177.69.640 


21,177,709 


pp32rl 


889 


21.177,691 


21.19.66.198,427 


21.177,691 


pp32r2 


900 


21.879 


21.244,635 


21.385,494 



Analysis from formalin fixed and paraffin embedded tissue. A similar approach is 
followed for identification of pp32. pp32rl and pp32r2 transcripts from formalin fixed and 
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15 



paraffin embedded tissues. Total RNA is extracted and subjected to reverse transcription 
and PCR amplification with a single set of primers capable of amplifying a stretch of 
200bp from all the three cDNAs. A suitable set of primers is: 

Upper primer - from bp394 to bp414 of the pp32 cDNA sequence (Genbank 
U73477) 

Lower primer - from bp609 to bp629 of the pp32 cDNA sequence (Genbank 
U73477) 

The three cDNAs are distinguished from each other by restriction enzyme digestion with 
the following enzymes - Hind I1L Xho 1 and BseR 1. The resultant digest is-run on a 3% 
agarose gel to positively identify the three different cDNAs. The table below lists the sizes 
of the bands observed. The bolded numbers indicate the band sizes useful for identification 
of the three cDNAs. 

Table 5 A Expected band sizes upon restriction digestion of the RT-PCR product 
from formalin fixed and paraffin embedded tissues 





Undigested 


Hind III 


Xho I 


BseR 1 


hpp32 


200 


200 


200 


80,120 


pp32rl 


200 


100,100 


200 


200 


pp32r2 


200 


200 


44.156 


80.120 
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Example 9. pp32rl Augments Oncogcnc-Mediated Transforrnation of Rat Embryo 
Fibroblasts. 

pp32rl was subcloned into a eukaryotic expression vector under the CM V promoter 
and analyzed for its effect on ras + myc-rnediated formation of transformed foci in rat 
embryo fibroblasts. Genomic sequences including the entire coding region for pp32rl were 
amplified by PCR and subcloned into the eukaryotic TA cloning and expression vector 
pCR3.1 vector (lnvitrogen) which contains a CMV promoter. The assay was performed 
as described (Chen et al. Mol Biol Cell. 7:2045-56. 1996) with each T75 flask receiving 
5 micrograms of pEJ-ras, and/or 10 micrograms of pMLV-c-myc. pCMV32, pp32rl in 
PCR3.1. or PCR 3.1 alone. After 14 days, transformed colonies were enumerated. 
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Figure 8 shows the results. The data represent the average of seven replicates from two 
separate experiments in duplicate and one in triplicate. The error bars indicate standard 
error of the mean. In contrast to pp32, which consistently suppresses focus formation 
induced by ras + myc and other oncogene pairs, pp32rl caused a statistically significant 
5 stimulation of focus formation with p=.004 by an unpaired t-test. 

Example 10. Effect of Transcripts from Various Cell Lines on Rat Fibroblast 
Transformation Assays 
Expression constructs prepared as described above from PC-3 and DU-145 cells 
were tested in the rat embryo fibroblast transformation assay described by Chen, et aL Mol 

10 Biol Cell, 7:2045-56, 1996, incorporated herein by reference. The results are shown in 
Figure 9. Transcripts from the two cell lines stimulated ras+myc induction of transformed 
rat embryo fibroblast foci, in contrast to normal pp32, which suppressed transformation. 
The figure shows the mean +/- the standard deviation, except for DU- 1 45. which represents 
a single determination. 

15 Example 11. Transformation Activity of Various Isolates from Patient Tumors 

The variant transcripts isolated from prostate cancer patients differ significantly 
from pp32 in sequence. The isolated transcripts were found to stimulate transformation. 
Transformation assay* Rat embryo fibroblasts were transfected with the indicated 
constructs as described (Chen, et aL) and transformed foci enumerated. For each 

20 experiment, approximately 1 x 10 6 cells were plated per T75 flask and incubated for 2 to 
3 d prior to transfection to achieve approximately 40% confluency. For each flask of 
primary rat embryo fibroblasts, the plasmids indicated in each" experiment were added in 
the following amounts: pEJ-ras, 5 fig; and pMLV-c-myc, pCMV32, pCM Vneo. or variant 
pp32 constructs in pCR3.1 (Invitrogen), 10 fig. Plasmids were prepared in two volumes 

25 Lipofectin (2 \i\ lipofectin per DNA) then gently mixed by inversion in 1.5 ml 
OPTIMEM in sterile 1 5 ml polystyrene tubes and allowed to incubate at room temperature 
for > 15 min. For experiments with more than one flask, mixtures of all reagents were 
increased in proportion to the numbers of flasks required for each transfection. Cells were 
washed once with OPTIMEM (Gibco-BRL), and then fed with 6 ml of OPTIMEM and 1 .5 

30 ml of the DNA/Lipofectin mix. After overnight incubation, the cells were grown in 



standard media and refed with fresh media twice weekly. Foci were counted fourteen days 
post-transfection. Figure 10 summarizes four separate experiments. Each data point 
represents the results from an individual flask expressed as the percent foci obtained in the 
contemporaneous control of ras+myc+ vector. 
5 Figure 1 0 shows that expressed variant transcripts from prostate cancer cell lines 

and from human prostatic adenocarcinoma generally produce increased numbers of 
transformed foci when co-transfected with ras and myc, as compared to the number of foci 
obtained when ras and myc are transfected with blank vector. Variant pp32 transcripts 
from DU-145 (D3). and from three prostate cancers (FT 1.7. FT 2.2. and FT3.18) yield 

10 increased numbers of transformed foci over those produced by ras and myc alone with 
blank vector. This stands in marked contrast to normal pp32. which consistently 
suppresses transformation. These activities are also summarized in Table L 
Example 12. Effect of pp32 Variants on Tumorigenesis In Vivo 

Experiments testing the effect of transfecxion of NIH3T3 cells on tumongenesis in 

1 5 vivo are consistent with in vitro results in rat embryo Fibroblasts. NIH3T3 cells were stably 
transfected by lipofection with the pp32 species indicated in Table 6A carried in the 
pCR3.1-Uni CMV-driven mammalian expression vector (Invitrogen). The G41 8-resistant 
clones employed in these experiments were all shown by genomic PCR to carry the 
indicated pp32 species. For analysis of tumorigenesis, 5 x ] 0 6 cells in 100 microliters of 

20 unsupplemented Dulbecco's modified Eagle's medium without phenol red were injected 
into the flanks of female athymic nude mice on an outbred background of greater than six 
weeks in age (Harlan). For logistical reasons, inoculations of the various grpups were 
staggered over a seven day period. Each group of mice was euthanized precisely seven 
weeks after inoculation. Where a mouse had a tumor, the tumor was dissected, measured, 

25 and weighed, and Table 6A reports the average weight of tumors in mice injected with 
cells carrying various vectors. One tumor from each group was examined histologically. 
All tumors were fibrosarcomas without noteworthy inflammation present. Data obtained 
with NIH3T3 cells indicate that NIH3T3 cells stably transfected with the variant pp32 
species P3. P8, FT! .7. FT2.2, and FT2.4 form tumors when inoculated into nude mice. In 

30 contrast, NIH3T3 cells stably transfected to express human pp32 fail to form tumors in 
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vivo even when further transfectcd wiih ras. Lines of NIII3T3 cells were also 

established that were stably transacted with expression constructs encoding pp32 or pp32- 
antisense. Basal expression of pp32 is essential for maintenance of contact inhibition and 
serum-dependent cell growth; antisense ablation of endogenous pp32 synthesis permitted 
cells to crow normally following serum withdrawal. Constitutive over-expression of pp32 
potently suppressed ras-mcdiated transformation of NIH3T3 cells in vitro and 
tumorieenesis in vivo. In contrast, antisense ablation of endogenous pp32 dramatically 
increased the number and size of ras-transformed foci; in vivo, tumors obtained from ras- 
transformed antisense pp32 cells were approximately 50-fold greater in mass than tumors 
obtained from ras-transformed control ceils. 

For purposes of clarity of understanding, the foregoing invention has been 
described in some detail by way of illustration and example in conjunction with specific 
embodiments, although other aspects, advantages and modifications will be apparent to 
those skilled in the art to which the invention pertains. The foregoing description and 
examples are intended to illustrate, but not limit the scope of the invention. Modifications 
of the above-described modes for carrying out the invention that are apparent to persons 
of skill in medicine, immunology, hybridoma technology, pharmacology, pathology, 
and/or related fields are intended to be within the scope of the invention, which is limited 
only by the appended claims. 

All publications and patent applications mentioned in this specification are 
indicative of the level of skill of those skilled in the art to which this invention pertains. 
All publications and patent applications are herein incorporateTBy reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 
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423 


c 


CCCTAA TBFl 


434 


N 


TTCCTT c-Ets-2 


447 


r 


CTTCCC c-Ets-2 
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TTATCT GATA-2 
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TATCTC NTH 
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13 "3 N AGAACA PR A 

13 73 C AGAACA PR A 

1393 C TCACTT IRF-l 

1393 C TCACTT IRF-2 

1395 C ACTTCCT E1A-F 

1423 N TTATCT G ATA- 1 

1423 C TTATCT GATA-2 

1424 N TATCTA NIT2 
1452 N TTACTC GCN4 
14T1 N TGGGTCA c-Fos 
147} N TGGGTCA c-Jun 
1471 N TGGGTCA ER 
1496 N TCTCTTA c-Myc 
1511 N TATAAA TBP 
1511 N TATAAA TFIID 
1549 C TTTGAA TFIID 
1568 C AATGTATAA TBP 
1581 C TTTGAA TFIID 
1590 C AGATAA GATA-1 

1590 N AGATAA GATA-2 

1591 C GATAATTG Dfd 
1657 C AGGACA GR 

1670 C ATTTTA F2F 

1670 C ATTTTA Pit- 1 

1671 C TTTTATA B factor 
167! C TTTTATA Drl 
1671 C TTTTATA En 
1671 C TTTTATA TBP 
1671 C TTTTATA TBP-1 
1671 C TTTTATA TFI1A 
1671 C TTTTATA TFIIB 
1671 C TTTTATA TFIID 
1671 C TTTTATA TFIIE 
1671 C TTTTATA TFIIF 

1671 C TTTTATA TRF 

1672 C TTTATA TBP 

1694 C AATAAATA TFIID 

1695 N ATAAATA ETF 
1733 N AGGAAA PEA3 
1"49 C TTATAT GAL 4 
1783 N TAACTCA .AP-1 
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Table 1 - Coorinued 

lg ^9 C TAG ATA NIT: 

18 i 7 M CGCCAT UCRF-L 

lg75 N TTCTGGGAA IL-6 RE-BP 

1895 N TGACTA GCN4 

1899 N TATTTAA TBP 

194? N ATATAA GAL4 

1985 C TTTATA TBP 

1985 C TTTATA TFIID 

">010 C AATAAATA TFIID 

->01 1 N ATAAATA ETF 

-»058 C TGCATA EFII 

2095 N CAGTCA GCN4 

2146 C AAGGAA c-Ets-2 

2147 N AGGAAA PEA3 
2190 N AGGAAA PEA3 
2220 C GGCACA GR 

^252 N CCAATAG gammaCAAT 

•"86 N TGTGCC GR 

2292 N ATGGGA PTFl-beta 

03 14 N TATGCA EFII 

^328 C GGCACA GR 

^350 C ATGATAAG GAT A- 1 

2351 N TGATAAG GATA-1 

~363 N GGGAAG c-Ets-2 

^367 N AGCCACT CP2 

2369 C CCACTGGGGA AP-2 

2404 N TAAAAT F2F 

2404 N TAAAAT F2F 

7404 N TAAAAT Pit-1 

2409 N TTGTCATA 77+82K protein 

2409 N TTGTCATA VETF 

->415 N TATCTA NIT2 

?451 C TTTATC TFIID 

^452 N TTATCT GATA-1 

">4^ C TTATCT GATA-2 

2486 N CTCTCTCTCTCTC GAGA factor 

?644 N AGGCGG Spl 

^65 8 N ACAGCTG GT-IlBalpha 

->658 N ACAGCTG GT-IIBbcta 

2709 C GGCCAGGC AP-2 

2723 N TGAACT GR 
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Tabic 1 - Continued 



2-31 


C 


TGACCT 


PPAR 


2731 


C 


TGACCTCA 


URTF 


2753 


N 


CTTGGC 


NF-1 (-like proteins) 


2818 


C 


TGATGTCA 


AP-1 


2818 


c 


TGATGTCA 


c-Fos 


2818 


c 


TGATGTCA 


c-Jun 


2818 


c 


TGATGTCA 


CREB 


2845 


N 


GGGAAG 


c-Ets-2 


2858 


N 


AGATAG 


G ATA- 1 


2858 


C 


AGATAG 


GATA-1 


2864 


c 


AGTTCA 


GR 


2899 


N 


ATATAA 


GAL4 


2900 


N 


TATAAAA 


B factor 


2900 


N 


TATAAAA 


Drl 


2900 


N 


TATAAAA 


En 


2900 


N 


TATAAAA 


TBP 


2900 


N 


TATAAA 


TBP 


2900 


N 


TATAAAA 


TBP-1 


2900 


N 


TATAAAA 


TFIIA 


2900 


N 


TATAAAA 


TFIIB 


2900 


N 


TATAAAA 


TFITD 


2900 


N 


TATAAAA 


TFIIE 


2900 


N 


TATAAAA 


TFIIF 


2900 


N 


TATAAAA 


TRF 


2921 


C 


TTTGAA 


TFIID 


2924 


c 


GAAATC 


H4TF-1 


2930 


c 


CATTAG 


Isl-1 


2948 


c 


TGTACA 


GR 


2948 


c 


TGTACA 


PR 


2948 


c 


TGTACA 


PR A 


2964 


c 


ATTTGAGAA VITF 


3030 


N 


AGTGTTCT GR 


3032 


N 


TGTTCT 


AR 


3032 


N 


TGTTCT 


GR 


3032 


C 


TGTTCT 


GR 


3032 


N 


TGTTCT 


PR 


3032 


C 


TGTTCT 


PR 


3032 


N 


TGTTCT 


PR A 


3032 


C 


TGTTCT 


PR A 


3104 


C 


GGATTATT Til 


3106 


c 


ATTATTAA AFPl 
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Table 1 - Continued 



illl N TAAAAT F2F 

31 11 N TAAAAT Pit- 1 

3125 C ATTTTA F2F 

3125 C ATTTTA Pit-1 

314- N TGTGAT GR 

316 9 N GTTTTATT HOXD10 

3169 N GTTTTATT HOXD8 

3169 N GTTTTATT HOXD9 



3175 


C 


TTTGAA 


IrllL» 


3185 


N 


TTGCTCA 


Zta 


3206 


N 


GATTTC 


H4 1 r - 1 


3212 


N 


AGGAAA 


PEA3 


3238 


C 


ATTTTA 


F2F 


3238 


C 


ATTTTA 


Pit-1 


3256 


c 


TTTGAA 


TFIID 


3266 


N 


TTGCTCA 


Zta 


3320 


C 


ATTITA 


F2F 


3320 


c 


ATTTTA 


Pit-1 


3358 


N 


ATGGGA 


PTFl-beta 


3360 


C 


GGGACA 


GR 


3440 


c 


CACTCA 


GCN4 


3460 


c 


TTTCCT 


PEA3 


3483 


N 


GACACA 


GR 


3491 


c 


TTTCCT 


PEA3 


3495 


N 


CTAATG 


Isl-1 


3523 


C 


AGAACA 


AR 


3523 


N 


AGAACA 


GR 


3523 


C 


AGAACACT GR 


3523 


c 


AGAACA 


GR 


3523 


N 


AGAACA 


PR 


3523 


C 


AGAACA 


PR 



3523 N AGAACA PR A 

35^3 C AGAACA PR A 

3538 C TTTATC TFIID 
3^39 N TTATCT GAT A- 1 

3539 C TTATCT GATA-2 
3^51 N TGAGTG GCN4 
3569 C TCCCAT PTFl-beta 
3594 N TTAGGG TBF1 

3653 C CCTGCTGAA LyF-1 

3668 N CTCATGA 1-Oct 
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Table ! - Continued 



3668 


N 


CTCATGA 


2-Oct 


3668 


N 


CTCATGA 


Oct-2B 


3668 


N 


CTCATGA 


Oct-2B 


3668 


N 


CTCATGA 


Oct-2C 


3679 


C 


TGTGTAA 


Zta 


3685 


c 


AGAACT 


GR 


3712 


c 


TTTCCT 


PEA3 


3713 


N 


TTCCTT 


c-Ets-2 


3717 


N 


TTGCTCA 


Zta 


37:7 


C 


AAAACATAAAT ssARS-T 


3749 


N 


TAAAAAA 


TBP 


3784 


C 


CACTCA 


GCN4 


3791 


c 


ATH I'A 


F2F 


3791 


c 


ATI 1 1A 


Pit-1 


3815 


N 


TATCTA 


NIT2 


3829 


c 


TAGATA 


NIT2 - 


3859 


c 


AGAACA 


AR 


3859 


N 


AGAACAG 


GR 


3859 


N 


AGAACA 


GR 


3859 


c 


AGAACA 


GR 


3859 


N 


AGAACA 


PR 


3859 


C 


AGAACA 


PR 


3859 


N 


AGAACA 


PR A 


3859 


C 


AGAACA 


PR A 


3860 


N 


GAACAG 


LVa 


3877 


C 


ATCACA 


GR 


3886 


N 


TGAGTCA 


AP-1 


3886 


C 


TGAGTCA 


AP-1 


3886 


C 


TGAGTCA 


c-Fos 


3886 


c 


TGAGTCA 


c-Jun 


3886 


c 


TGAGTCA 


Fral 


3886 


c 


TGAGTCA 


NF-E2 


3887 


c 


GAGTCA 


GCN4 


3931 


N 


AGATAG 


GATA-1 


3931 


c 


AGATAG 


GATA-1 


3960 


N 


TTGGCA 


NF-l/L 


3965 


C 


A1T1 1A 


F2F 


3965 


c 


Al i i 1A 


Pit-1 


4026 


N 


TATTTAA 


TBP 


403" 


N 


TGTGAT 


GR 


4040 


N 


GATGCAT 


Pit-1 
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Table 1 - Continued 





r 


TGCATA EFII 


4U /V 


XT 

IN 


TTCAAAG sry 


40 /9 


XJ 
IN 


TTfAAAG TCF-1A 


4079 


VT 
N 


TTfAAA TFIID 


4097 


KT 


r aGGTC TGT3 


41 40 


KT 
N 


TPt ATTCA AP-l 


4140 




TGATTCA AP-l 


4 1 40 


KT 

N 


TOATTC GCN4 


4164 


KT 


CrCrGAGTG n300 


4205 


c 


a ata A GATA-1 


4205 


KT 
N 


a ata A GATA-2 


-f 4219 


C 


TT A nTC AC AP-l 


4219 




TTAGTCA AP-l 


- ' - o 1 n 

, 4219 




ttaHTCAC c-Fos 


l& 4219 




ttaHTCAC c-Jun 


,. inn 

in 4219 




TT A m"C A c-Jun 


I. J 4219 




TTAGTCA Jun-D 


w 4220 




T A GTC A GCN4 


42 J I 


KT 


TGTTfT AR 


4. / I 


KT 
IN 


TGTTCT GR 


4271 


\-, 


TGTTCT GR 


I'll 4^/1 


KT 

iN 


TGTTCT PR 






TGTTCT PR 


6 4271 


N 


TGTTCT PR A 


4271 


c 


TGTTCT PR A 


4280 


c 


TGACCCA c-Fos 


4280 


c 


TGACCCA c-Jun 


4280 


c 


TGACCCA ER 


4292 


c 


CTTATCAG GAT 


4292 


c 


CTTATCA GATA-1 


4361 


N 


TTCAAAG SRY 


4361 


N 


TTCAAAG TCF-1A 


4361 


N 


TTCAAA TFIID 
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TABLE 3 



Comparison to pp32 Sequences 

% Identity % Similarity 

CLONE cDNA Protein Protein 

D3. DU-145 cells 95 90 95 . 

P3, PC-3 86 94 96. 

P8, PC-3 98 97 97 

FT1.11 97 86 92 

FT1.7 95 95 95 

FT2.2 94 85 88 

FT2.4 99 86 92 

FT3.18 99 90 94 
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CLAIMS: 

1 . An isolated DNA molecule comprising at least a sequence of 1 8 contiguous 
nucleotides selected from the sequence consisting of base pairs 4894-4942 of the sequence 
in Figure 2 or the corresponding sequence from Figure 5, or a sequence complementary 

5 thereto, said DNA molecule also containing non-mammalian DNA sequence and being 
substantially free of human DNA molecules. 

2. An isolated DNA molecule comprising at least a sequence of 1 8 contiguous 
nucleotides selected from a sequence which encodes the amino acids from residue 146-163 
of the amino acid sequence of pp32rl or the corresponding sequence of pp32r2. 

10 3. An isolated nucleic acid probe of at least 1 5 nucleotides which specifically 

hybridizes on Northern blot with nucleic acid encoding the amino acids from residue 146- 
163 of the amino acid sequence of pp32rl or the corresponding sequence of pp32r2. 

4. An isolated nucleic acid probe comprising a sequence of at least 8 
contiguous nucleotides unique to pp32rl or pp32r2. 

15 5, A nucleic acid molecule produced by recombinant methods, wherein said 

nucleic acid molecule encodes at least the amino acids from residue 146-163 of sequence 
of the amino acid sequence of pp32rl or the corresponding sequence of pp32r2. 

6. The nucleic acid molecule according to claim 5, wherein said nucleic acid 
molecule is an expression vector which expresses said amino acid sequence. 

20 7. A recombinant cell containing the nucleic acid molecule of claim 6. 

8. A nucleic acid molecule produced by recombinant methods, said nucleic 
acid molecule containing a sequence encoding at least the ammoacids from residue 146- 
163 of sequence of the amino acid sequence of pp32rl or the corresponding sequence of 
pp32r2 t said sequence being operatively linked to a promoter in antisense orientation. 

25 9. A pair of nucleic acid primers each of which comprises at least 10 

contiguous nucleotides, at least one of said primers being selected from or complementary 
to the sequence of pp32rl , wherein nucleic acid amplification of human chromosome 4 or 
a transcript thereof using said pair of nucleic acid primers will produce an amplified 
nucleic acid encoding residues 146-163 of the sequence of pp32rl . 
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1 0. A diagnostic method for predicting malignant potential of neuroendocrine, 
neural, mesenchymal, lymphoid, epithelial or germ cell derived tumors, comprising: 

providing a sample of human neuroendocrine, neural, mesenchymal, lymphoid, 
epithelial or germ cell derived tissue; and 

determining, in the sample, levels or intracellular sites of expression of a gene 
product expressed from a gene sequence which encodes residues 146-163 of the sequence 
of pp32rl or the corresponding sequence of pp32r2. 

11. A diagnostic method for predicting malignant potential of neuroendocrine, 
neural, mesenchymal, lymphoid, epithelial or germ cell derived tumors, comprising: 

providing a sample of human neuroendocrine, neural, mesenchymal, lymphoid, 
epithelial or germ cell derived tumor tissue; and 

determining, in the sample, levels or intracellular sites of expression of a gene 
product expressed from a gene sequence which encodes residues 1 46-1 63 of the sequence 
of pp32rl or the corresponding sequence of pp32r2. 

12. The method of claim 1 1, wherein the gene product is mRNA. 

13. The method of claim 1 2, wherein the mRNA is extracted from the sample 
and quantitated. 

14. The method of claim 12, wherein the level of mRNA is determined by in 
situ hybridization to a section of the tissue sample. 

1 5. The method of claim 1 2, wherein the mRNA is quantitated by polymerase 
chain reaction. 

16. The method according to claim 1 1 , wherein the^gene product is protein. 

1 7. The method according to claim 1 6, wherein the method further comprises 
reacting the sample with an antibody that specifically binds to a polypeptide consisting 
of the sequence of pp32rl , but does not specifically bind to a polypeptide consisting of the 
sequence of pp32 or pp32r2, or an antibody that specifically binds to a polypeptide 
consisting of the sequence of pp32r2, but does not specifically bind to a polypeptide 
consisting of the sequence of pp32 or pp32rl 

1 8. The method according to claim 1 1 , wherein the tissue is a carcinoma. 
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19. The method according to claim 11, wherein the tissue is a carcinoma or 
sarcoma of a tissue selected from the group consisting of epithelial, lymphoid, 
hematopoietic, mesenchymal, central nervous system and peripheral nervous system 
tissues. 

5 20. The method according to claim 19, wherein the tissue is selected from the 

group consisting of colon carcinoma, prostate carcinoma and non-Hodgkin's lymphoma. 

21. An antibody that specifically binds to a polypeptide consisting of the sequence of 
pp32rl or pp32r2, but does not specifically bind to a polypeptide consisting of the 
1 0 sequence of pp3 2 . 

22. The antibody of claim 21, wherein the antibody is a monoclonal antibody. 

23* An isolated DNA molecule comprising an androgen-activated 
transcriptional promoter. 

24. The isolated DNA molecule of claim 23, wherein the promoter comprises 
15 a transcription initiation site and a binding site for a steroid hormone receptor protein 

positioned within 10,000 nucleotide base pairs (bp) of the transcription initiation site, 
preferably 5,000 bp, more preferably 3000bp. 

25. The isolated DNA molecule of claim 24, further comprising at least one 
binding site for steroid hormone receptor proteins positioned within 2000 nucleotide base 

20 pairs (bp) of the transcription initiation site, preferably a plurality of binding sites for 
steroid hormone receptor proteins are positioned within 2000 bp of the transcription 
initiation site, more preferably, at least 5 binding sites for^steroid hormone receptor 
proteins are so positioned. 

26. The isolated DNA molecule of claim 25, wherein the binding sites for 
25 steroid hormone receptor proteins are selected from the group of steroid receptor protein 

binding sites listed on Table 1 . 

27. The isolated DNA molecule of claim 24, further comprising an open 
reading frame comprising at least one exon of a protein coding sequence, wherein said 
open reading frame is operatively linked to said androgen-activated transcriptional 

30 promoter. 
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28. The isolated DNA molecule of claim 27. wherein transcriptional activity 
of the promoter is regulated by steroids. 

29. A method of screening a compound for pharmacological activity 
comprising: 

5 culturing a cell transfected with the DNA molecule of claim 27; and 

determining expression of the protein coding sequence in the presence and absence 
of the compound. 

30. The method of claim 29, wherein the expression determined is RNA 
expression or protein expression. 

10 31. The DNA molecule of claim 23, wherein the DNA molecule is a DNA 

vector. 
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ABSTRACT 

GENE FAMILY WITH TRANSFORMATION MODULATING ACTIVITY 

5 

pp32 is a member of a highly conserved family of differentiation- 
regulated nuclear proteins that is highly expressed in nearly all human prostatic 
adenocarcinomas of Gleason Grade >5. This contrasts with the low percentage of 
prostate tumors that express molecular alterations in proto-oncogens or demonstrate 

10 tumor suppressor mutation or loss of heterozygosity. By analysis of specimens of 
human prostatic adenocarcinoma and paired adjacent normal prostate from three 
individual patients, the inventors have shown that normal prostate continues to 
express normal pp32, whereas three of three sets of RT-PCR-amplified transcripts 
from prostatic adenocarcinomas display multiple cancer-associated coding sequence 

15 changes. The cancer-associated sequence changes appear to be functionally 
significant. Normal pp32 exerts antineoplastic effects through suppression of 
transformation. In contrast, cancer-associated pp32 variants augment, rather than 
inhibit, transformation. 

20 
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1 AAGCTTTCCT GATCTCTAAA TCAAGGTCAG CTCCCTAAGC TCTTGGCTCC 

51 CGTACTGAAA CTTTTTCTTA TGTAACTCTC ATAAACACAT AGCATAATGT 

101 TTTGCATGTT TTTCTTCCCT ATCAGTTGCA AGTTCCAGCA GAGCTGATAT 

151 ATTTTCATTT CATTCGCTAC TATAGCCCTA GAGCCTGACA TAGTTTCTGG 

201 CTGTGAATGC TCAATAAATA TTTGTTTAAT TGAGTAGAAA CATAAAGTAT 

251 CTATTTCATT GAAGGAAAGA ATAATTAGCT ACATTTTTCT TTTTCTTGCC 

301 TTAATATTTG AGGAATTTGC TTATATGTCA TAATAAAAAA GTTAAAGCCT 

351 TATACATTAT ACTAAGGAAT TTGGACATTA AATTCAAGCT AGCCTTTCTA 

401 TAAACAAAAT ACTGAATTTC TGTCCCTAAA TTTG7TCCTT CCCTATTCTT 

451 CCCCATTGAG ATGACACCAA ATCCCTCTAG CTGCTCAAAC CAAGTACCCG 

501 ~" Zx t'Q mr F £ mrn ^ -T'T 1 ^ 2. r PT^TC r ^ 1 CTTT*\CCTTG C^^C"^ ^T^^ GC m TTGT r ^' 

551 AACAAGTCAT CTTCAGTCTG TATCCATTAT TCTCCCTTTC CAGACCACCA 

601 ACATGTCTTG ACTATACTGC TACAATAGCC TCCCAACTCT TGTCCTACTT 

651 AAAATTCATT GTAAAAAATC AGTCTTGGCC GGGCACGGTG GCTCACACCT 

701 ATAATCCCAG CACTTTGGGA GTCCCAGGCG GGCGC-GTCAC GAGGTCAAGA 

751 GATGGAGACC ATCATGGCCA ACATGGTGAA ACCCTGTCTC TACTATAAAT 

801 ACAAAAAAAT TATCTGGGTG TGGTGGCACA TGCCTGTAAT CCCAACTACT 

851 AGGGAGGCTG AGGCAGGAGA ATCGCTTGAA CCTGGGAGGC GGAGGTTGCA 

901 GTGAGCCGAG ATCGCACCAT TGCACTCCAG CCTGGCAACA GAGCGAGACT 

951 CCATCCCAAA ACAAAACAAA ACAAAACCAT GTAAAACATG TCTGTAAAAC 

1,001 ATGTCAGATT TCGTGTTCAG AAGTCTTACA TGTCTTTTCA TTATGCTAAG 

1,051 ATAAAACCCA AATGCATTTT CTTGGTTTCT AAAGCCAAGA AAATAAGAGT 

1,101 TGCTTTCAGC AACCTTGTTT CTTCGGCCAT GCTTTTCCCT AGCTCACTCT 

1,151 TTTTAGGCAA GTCGACCTGA TTTTCTTTCT GTTAGTCTGT TTCTGCCTCG 

1,201 TGGTCTGGCT TTCTTTCTGT TAGTCTGTTT CCACCTCGTG GTCTTGGTCC 

1,251 TGGCTCTTCA TTCTGCCTGG AATGCTCTCC ACTCCAGATC CTTACTAGAT 

1,301 CTTAGCTCAG TCATCACCCT CGCAGGAAGA TCTTCCAACC ATTCACCTGC 

1,351 ATACACCTAT GGCTGCTCCC TAGAGAACAT CATTCTGTTT TCTTCACTTC 

1,401 CTAGCACTTA CTGCTTTCTG AAATTATCTA CTTTGATTGT TTATTTCTTT 

1,451 CTTTACTCTT ACTAGGATAC CTGGGTCATT AAAGGAGGGA TATTTCTCTC 

1,501 TTATTTACTG TTATAAACTT AATGCTTAGG CTGTAGAAGT TATACAATAT 

1,551 TTGAAGAATA AATCGTTAAA TGTATAACAT TTTTGAAGAA AGATAATTGT 



FIG. 2 
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FIG. 2 - Continued 
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FIG. 2 - Continued 
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TCATATTCTT ATAGTAAGAG TTTCAGGGAA 
ATTTTAGCCT TTCAGGTTTT TGAGCCCCTC 
ATGAGACAAG ATGAAATGAT ACTTCTATTC 
ATGAAGCAAA AAATGTTATT CACTCAAGGC 
GAATTACGGC TCAGACACAA ATTTCCTAAT 
AATAGAACAC TATATTAATT TATCTTCTTC 
CCCATAGCCT GTGAAAAGAT TGTTTTAGGG 
CATATTTTGT CAATGTGGGA CATAGGACTA 
CATGATCCTT GTGTAAGAAC TAATTCACAC 
CTCATTAAAA ACATAAATGT CTCAGAAAGT 
ATAAACATAC ATGCCACTCA AATTTTATTC 
AAACCTAGTT AGATACTTTG GTTTTAGGTA 
AACCAAGATC ACATTGTGAG TCAGAAGTGG 
ATACCAATAA AAGATAGATT TAGCTTTTTA 
ATTCTTTCAT TTGAGGGGAG ATCTCACCAA 
TTGTGTTATT TAATTTCTGT GATGCATATT 
GTCTATAGAT TCAAAGATAT CCCGTGTCAG 
AAATGGGTAC TTGTGAAGGC TGATTCACAG 
GCCTTGTGTA TTCACAAATT ATCAACGTGA 
TAGTCACACA CACCTACCTT CTTACTAGGA 
TTGTTCTGCT TGACCCAGGT TACTTATCAG 
TAAATATTGG GGCTCGAGAA CCGAGCGGAG 
CTAAAACGTG CGGCCGTGGG TTCGAGGTTT 
ACGAGAGCCT CTGCAGACAG AGAGCGCGAG 
ATTCATTCAG AGCTGCGGAA CAGGGCGCCC 
CCTGGACAAC AGTCGGTCGA ATGAAGGCAA 
AATTTGAAGA ACTGGAATTC TTAAGTAAAA 
ATCTCAGACT TACCAAAGTT AAAGTTGAGA 
AGGGGGCCTG GAAGTATTGG CAGAAAAGTG 
ATTTAAGTGG CAACAAAATT AAAGACCTCA 
CAGTTAGAAA ACCTCAAGAG CTTAGACCTT 
CCTGAACGAC TACGGAGAAA ACGTGTTCAA 
ATCTCGACAG CTGTTACTGG GACCACAAGG 
GAGGACCACG TGGAGGGCCT GGATGACGAG 
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GGAGTATGAT GAAGATGCTC AGGTAGTGGA 
AGGAGGAGGA AGGTGAAGAG GAGGACGTGA 
GAAGAAGGTT ATAACGATGG AGAGGTAGAT 
GCTTGGTGAA GAAGAAAGGG GTCAGAAGCG 
AGGGAGAAGA TGATGACTAA GTAGAATAAC 
TGTGATTTGA CTGTTTTTAC CCATATCCCC 
CCTGAAACTT ACTTTTTTCT GATTGTAACA 
GAAAAGTGTA CTGGGGGTTG TGGAGGGAGG 
TAAAATACTA TTTTTACTGC CAAATAAAAT 
GGGATACTAG CTTTGTAGAA TGATTACTAT 
TTATTTTTTT ACACATTCTA TTCTTTTAAG 
GAAAAGGCAC TACAATCCAC TTATTAATGC 
AATAAGCTCC AGGATTTAAC AAAAAGAGGA 
AATGTTGCTA AAAATTTAAA ACAAATTACA 
AATTCTATTT TTAAAATTTA TTAATAAGGA 
TTTTGGAAAA ATAATAATGC ACTTTATACT 
ATGATTTATA AGCTT 
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4,357 GAGTCTTCAA AGTCCTAAAA CGTGCGGCCG TGGGTTCGAG GTTTATTGAT TGAATTCGGC 

1 gaattcccaa agtcctaaaa cgcgcggccg tgggttcggg gtttattgat tgaattccgc 



4,417 TGGCACGAGA GCCTCTGCAG ACAGAGAGCG CGAGAGATGG AGATGGGCAG ACGGATTCAT 

61 cggcgcggga gcctctgcag agagagagcg cgagagatgg agatgggcag acggattcat 



4,477 TCAGAGCTGC GGAACAGGGC GCCCTCTGAT GTGAAAGAAC TTGCCCTGGA CAACAGTCGG 

121 ttagagctgc ggaacaggac gccctctgat gtgaaagaac ttgtcctgga caacagtcgg 



4,537 TCGAATGAAG GCAAACTCGA AGCCCTCACA GATGAATTTG AAGAACTGGA ATTCTTAAGT 

181 tcgaatgaag gcaaactcga aggcctcaca gatgaatttg aagaactgga attcttaagt 



4,597 AAAATCAACG GAGGCCTCAC CTCAATCTCA GACTTACCAA AGTTAAAGTT GAGA— AAG 

241 acaatcaacg taggcctcac ctcaatcgca aacttaccaa agttaaacaa acttaagaag 



4,654 CTTGAACTAA G AGTCTCAGGG GGCCTGGAAG TATTGGCAGA AAAGTGTCCA 

301 cttgaactaa gcgataacag agtctcaggg ggcctagaag tattggcaga aaagtgtccg 



4,705 AACCTCACGC ATCTAJATTT AAGTGGCAAC AAAATTAAAG ACCTCAGCAC AATAGAGCCA 

361 aacctcacgc atctaaattt aagtggcaac aaaattaaag accccagcac aacagagcca 



4,765 CTGAAACAGT TAGAAAACCT CAAGAGCTTA GACCTTTTCA ATTGCGAGGT AACCAACCTG 

421 ctgaaaaagt tagaaaacct caagagctta gaccttttca attgcgaggt aaccaacctg 



4,825 AACGACTACG GAGAAAACGT GTTCAAGCTT CTCCTGCAAC TCACATATCT CGACAGCTGT 

481 aacgactacc gagaaaatgt gttcaagctc ctcccgcaac tcacatatct cgacggctat 



4,885 TACTGGGACC ACAAGGAGGC CCCTTACTCA GATATTGAGG ACCACGTGGA GGGCCTGGAT 

541 gaccgggacg acaaggaggc ccctgactcg gatgctgagg gctacgtgga gggcctggat 



4,945 GACGAGGAGG AGGGTGAGCA TGAGGAGGAG TATGATGAAG ATGCTCAGGT AGTGGAAGAT 

601 gatgaggagg aggatgagga tgaggaggag tatgatgaag atgctcaggt agtggaagac 

5,005 GAGGAGGGCG AGGAGGAGGA GGAGGAAGGT GAAGAGGAGG ACGTGAGTGG AGGGGACGAG 

661 gaggaggacg aggatgagga ggaggaaggt gaagaggagg acgigagtgg agaggaggag 

FIG. 3 
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FIG. 3 - Continued 



5,065 GAGGATGAAG AAGGTTATAA CGATGGAGAG GTAGATGGCG AGGAAGATGA AGAAGAGC'TT 

'?2l gaggatgaag aaggttataa cgatggagag gtagatgacg aggaagatga agaagagctt 



5,125 GGTGAAGAAG AAAGGGGTCA GAAGCGAAAA TGAGAACCTG AAGATGAGGG AGMGATGAT 

781 ggtgaagaag aaaggggtca gaagcgaaaa cgagaacctg aagatgaggg agaagatgat 

5,185 GACTAAGTc-G AATAACCTAT TTTGAAAAAT TCCTATTGTG ATTTGACTC-T TTTTACCCAT 

' 841 gactaagtgg aataacctat tttgaaaaat tcctattgtg a::tgactgt :tttacccat 

5,245 ATCCCCTCCC CCCTCC AATCCTGC CCCCTGAAAC TTACTTTTTT CTGATTGTAA 

'901 accccctctc ccccccccct ctaaccctgc cccctgaaac ttattttttt ctgattgtaa 

5,299 CATTGCTGTG GGAATGAGAC GGGAAAAGTG TACTGGGGGT TGTGGAGGGA GGGAGGGCAG 

' 961 cgttgctgig ggaacgagag gggaagagtg tactgggggt :gcgggggga ggatggcggg 

5,359 GAGGCGGTGG ACTAAAATAC TATTTTTACT GCC 

1,021 tggg-ggtgg aataaaatac tatttttact gcc 
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TTTTGAAAAATTCCTATTGTGATTTGACTGTTTTTACCCATATCCCCTCCCCC 

CTCCAATCCTGCCCCCTGAA 
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